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_ Various, more or less contradictory, 
have been propounded relating 
is adhesion, but up to the ak 


the load of the wheel). 


no known experiments have thrown 


light on the adhesion in the axial direc- 


tion at various running speeds for a 
wheel hauled or braked. 


In 1906, von Helmholtz, the well- 


.known railway engineer published: in 


the Zeiischrift des Vereines deutscher 
Ingenieure (1906, p. 1553) an article on 
the Krauss-Helmholtz bogie, in which 
he calculates the coefficient of friction 
for axial displacement (at one-sixth of 
Recently von 
Helmholtz abandoned this point of view, 
at least partially; in fact in a report 
dealing with a new type of bogie for 
electric locomotives, he makes the fol- 
lowing statement: 


« Does a rear radial axle find suffi- 
cient lateral support to enable it to act 
satisfactorily as a guide to another vehi- 
cle following it on a curve? To this 
question I had hitherto unhesitatingly 


replied in the affirmative, but the reply 


should be in the negative; perhaps if 
not an absolute negative at least as a 
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with that of rotation ‘about ‘ace centre, a 
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with as little friction as possible. 
is necessary to make a careful distinc- 
tion between sudden changes of dir 
tion on the one hand, and progressive — 
changes in direction on the other hand. 

In the article on the Zeitschrift des 
Vereines deutscher Ingenieure, 1906, 

p. 1554, we considered a sudden change. 

What we then said may - consequently 

be maintained to-day. But against the 

disturbing forces that act for a short 

time only, as also against those which 
tend to cause swaying motion and are 
found in running over an undulating 
track having waves of long pitch (sway- 

ing at high speed) or those which act 

continuously in the transverse direc- 

tion (centrifugal force or superelevation 

of the outer rail), the rear radial axle is, 

between certain limits, devoid of sup- 
port and must vield to these forces, 

even though they should be less than the 

adhesion or merely greater than zero, 

whenever there is sufficient time for 
them to come into action. 


« The difficulty in the sete ties: 
in the fact that the lateral pressure or, 
which is the same thing, the lateral 
resistance of an axle is not merely and 
simply equal to its adhesion A, but equal — 
to 8 x A; where the coefficient 8 may 
vary from zero to unity. Under work- 
ing conditions the’ leading axles which 
run at an oblique angle to ‘the rails have 

a value of 6 nearly equal to unity. On 
the other hand in the case of axles that 
are arranged to lie radially, it is equal 
to zero in the first instance, and the re- 
sistance is only produced as and when. 
the axle is diverted from this radial DO- 
sition by pate forces. Dae 
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The trials agen below have fei 
made with the object of ascertaining | the 
lateral adhesion of the wheel on the 
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force acting at the periphery for the 


~which are given ain: figure 3; Tevolves...—- 


precisely the: reverse “of fiose u 
in practice. But this inversion is of r 
practical importance because the « 


the direction in ‘which the force is aip- 
plied. Moreover it makes no difference | 


and brake through the wheel. In order. 
to obtain the conditions of a driving 
wheel it is only necessary to provide a 


trial. = 
The test. swieete 'B, the. dimensions of = 


in a slotted fraine CG: carried at its upper — 
end by gimbals D, which allow it freed-— 
om of movement in the plane of the © = 


wheel and also at right angles to this 
plane. The cord E, passing over the = 
pulley F, subjects, the wheel to a force | : <= 
Pee P 1720 ae lp Pe it a 
+ fee 930 * =) pressing | z against a P 
the disk. A second cord G persia Ps a 


the. screw H serves to apply a lateral 
force to the slotted frame C. The fore 
P that is- applied can be read at any 
moment on the calibrated spring-ba- 
lance Je The point of attachme at of ak: 
th cord G is arranged in line with the 
point. of contact of the rolling surfaces. — 
In determining the loads P the follow- 
ing were taken into consideration in— 
order that the actual iesiiy ee 
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i /: inches) may be taken | the 
porting width when new, 


A 
it = — : 
Fae es om aaa . per em. (Ib. per 
in.). If, as a basis of comparison, we 


take a driving wheel 1.600 m. (5 ft. 3i in, ) 


epceitie loads a “per centimetre ay r Re 


A (1600 mm. wheel). .. . = 16 000 18.000 #56 000%keri: ae 
: :" >,/ 438 . : 
. ANE TS ee cntebrne pee em 
°F 8x44 Be OS eee 
en co 341 . Hate Aare 2 me . ie $ 7: 
(wheel 300 mm. diameter, rolling surface 1 cm. in width.). ror 2s. eae ar ee 
P,. _ * : bg : = a 5 4 ~ . 
Pees) rete gees eee 5 6: 106 ker. He 
i : a 85 96 E 106 ker. 4 
It was found that the coefficient of B for v = 0s the static ‘friétion or Sadie’ 
friction was the same for the different sion at rest; 2° the determination of the 
loads P used during our trial. For this coefficient Of friction », between A and ia 
reason, subsequent measurements were 6 for v > 0, when the brake is not ap- F 
only made with smaller weights in order plied to the wheel; 3° the determination 
to allow of the use of more accurate of the coefficient of friction p, between 
spring-balances. A and B when v > 0, the brake being - i. 
The brake apparatus is shown in fi- applied to the wheel. 4. 
gure 4. The test wheel carries a leather In the following we ‘shall represent 
band-brake L on both sides of the roll- by: Sere te 


ing surface, attached at M to the slotted 
frame C. If a weight k is placed on the 
scale-pan O the spring-balance N will give 
the reading for the tangential force K. 
The braking force on the diameter of 
260 mm. (10 1/4 inches) is therefore 
(K + the weight on the spring-balance) 
— (k + the weight of the scale-pan). 
The slip was determined by means 
of a Hasler tangential velocity indica- 
tor; with this object the tangential 
speeds U and u of the’ disks A and B 
were measured during the brake tests. 
The order adopted for the trials was‘as 
follows: 1° 
coefficient of friction»; between: A and 


“per Prac 


-cessary to move the wheel 


the determination of. the 
se 0 and the wheel i is braked ; S 


nthe number of revolutions per minute 
of the disk A; 
v the tangential waleuily. of the disk o1 or 
of the trial wheel in metres per second ; 
Vip Koos 6 the peripheral epee in km. 3, 


pu the lateral force in kilogrammes 1 
Cessary to move the | wheel laterally when : 
ve 05; -- 

p2 the lateral forge in ‘kilogrammes 3 ne- eh 
erally when 24 
v>0Oand the wheelisnot braked; = = 

p2 the lateral force in kilogrammes ne- — 
cessary to move the wheel laterally when As 


é 
> ; 


i in kilogram on the 


8 


e load on the wheel. % 


ee friction 
— eee io. a great: extpaal on the ma- 
terials of which the two. surfaces in con- 


f are made. For our experiments we 

% Hove used wrought-iron running on hard 
grey cast-iron, and for this reason we 
: have obtained somewhat low coefficients 
of friction. In the trials with which we 
4 are dealing, however, we are not con- 
2 cerned with the absolute value of, the 
+ coefficient of friction, but with its va- 
_ rviation at different speeds as compared 
- with its value when v = 0. If all the 
values ob ained are referred to the coef- 
ficient of static friction the results of the 
trials may be generalized by | xpressing 
the coefficient of friction for any parti- 
_ cular speed as a percentage of the coef- 
nt of static friction. Hen 
sion may be drawn that it is lecessary — 
: oy ae particular attention to the deter- 
‘mination of the latter, Now the coeffi- 
cient of friction of any two materials 
depends, apart from condition of the 


‘ 


’ mA ot 


aii of the otto et 


the con-— 


wi ce emery. iss first Bee: Bhp 
ined lay so ‘close to each other that 
y could not be accepted, The expla- 


) they - 
nation was that a series of trials lasted 


over several days during which the sur- 
face underwent change. It was neces- 
sary to wash it thoroug hly with petrol, 
to clean it with emery paper, to rub it 


: with brown paper, and then to protect 
’ deel | the rolling surface with a clean cloth 
. and proceed with a series of trials at. 
short intervals; it was only under these 


conditions that. figures, that could be 
used, were obtainable. | 

» For the determination of the static coef- 
- ficient of friction which was consider- 
ably more difficult than that made for 
v > 0 a certain number of readings were 
taken each time and the mean was taken 


_ of these. Moreover, after each indivi-. 


dual reading, the wheel was turned and 
at the same time displaced laterally in 
order that the line of contact might al- 
ways be changed. In this way good 
mean values were obtained. 

The results obtained in the trials made 


with the object of determining the coef- 


ficient of lateral friction », for v > 0 
and with the wheel not braked (carrying 
wheel), are shown in table I and are 
reproduced graphically in figure 5. The 
trials showed that already at the lowest 
speed the coefficient of friction p., is sen- 
sibly less than p,. For v > 0, there is 
therefore a critical point. At increasing 
speeds we obtained values which re- 
mained constant (83 %) up to V = about 


25 km. (15.5 miles) per hour. If the 
speed were still increased after that 
point, the coefficient of friction v., at first 
showed a gradual. decrease which be-_ 
came more rapid to fall subsequently to} 


about 70 % at a speed V = 89 km. 
tag 3 miles). Bee hou, the greatest speed 


n “ v 


Number ee Number [Kilometres] ye 
cf revolutions a | of revolutios | per | Kilo- 


grammes, | grammes. 


per minute, } per minut. | hour. 
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Fig. 6. 
_ Explanation of German 5 
term; Laufflache = Rol- 
ling surface. 


brake trials. At high speeds the tem- 
_ perature of the wheel very rapidly be- 
came so high that the moisture that had 
é ae - condensed on the periphery of the wheel 
effi- evaporated and consequently the sur- 
faces in contact became absolutely dry. 
The coefficient of adhesion p, was then 
occasionally doubled in magnitude. 
After this had been ascertained no 
further attempts ‘were made to measure 
: 7 braking at high speeds. 
1e trial The results of trials relating to the 
for the coefficient of friction », for lateral dis- 
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radius: NY Gea 
_ zero value at the centre, we shall thus 
have defined the resultant correspond- — 
ing to the conditions of rest for the 


q wheel. penis 5 shows that f om the 


Ao an arc of a circle ations of 
v, =v, having the 


w, as in the aa case 


ee dircle’ of 83 %. 
: an the resultant for v= = of 


: value ise 6 fon 43 930 °F ). 


“At the 8 
of 100 km. (62.1 miles) per hour the 


: maximum tractive effort-of an electric 
* locomotive having four driving axles, for 
example, is 7000 kgr. (15432 lb.) or 
1750 ker. (3 €58- aba per axle, that is 


29.2 % off 6 metric tons. If in figure 8, 
we draw a vertical at the abscissa 


29.2 %, its intersection with the arc of 


the circle representing 100 km. per hour 


will give a lateral force of 0.59 x 6000 — 
= = 3540 ker. (0.59 = 13 230= 7 805 Ib.), 


necessary to move the wheel laterally, 
that is to say to cause it to begin to slip. 


Apart from the main trials, the follow- 
ing subsidiary observations were made : 


If the disk is caused to turn in the di- 
rection of the arrow (fig. 2), the case 


of a hauled axle is produced, but with — 


the pivoting point in front. Left to 
itself the trial wheel remains in the neu- 
tral position. By the neutral position 
we mean that for which the supporting 
arm C (fig. 2) is exactly vertical and the 
axis of the trial wheel parallel to the 


-axis of the disk A. 


To obtain the smallest deviation it was 


necessary to apply the forces shown in 


table I. When the force had caused the 
wheel to deviate to a certain extent and 
was then suddenly removed, the wheel 
returned instantaneously after a fraction 
of a revolution to its neutral position. 
This fact is therefore a contradiction 


- 10 the. theory that it is necesary that the _ 


axle that is running should be subjected 
to a movement of deviation before it 


setts causing ite. disie Ps nirh? in 
posite direction to the : arrow (fig. | 


Left to” itself the awhesk ho sere Ee 
rately it was set, did not remain in the 
nguital poeon: but plweny wandered to. 
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é nee C letmation shows that the 
1 is placement by slipping represents one- 
half per cent of the displacement by rol- 
ling. On the other hand the ratio of the 
_ time of slipping to the time of rolling is 
r- appreciably smaller, so small in fact that 
| the effect of slipping disappears before 
that of rolling. The atmospheric condi- 
tions, dry weather, rain, ice, and fog pro- 
duce important changes in the coeffi 
cient of friction. This variation is 
shown with remarkable accurracy in 
the trials on the model; in fact, by rais- 
_ ing the temperature of the wheel B to 
about 60° GC. (140° F.) it was possible 
nearly to double the coefficient of fric- 
tion as compared with normal ‘condi- 
tions (10° C. to 15° C. [50° F. to 59° F.]). 
This also affords an explanation of the 
fact that the application of the brakes 
for some time may appreciably improve 
the adhesion of the driving wheels in the 
case of difficulty in starting. 
The results of our icials which may 


a fk e wel as and then erating short so be applied to automobiles are given, 
‘ we repeat, not as absolute figures, but as 


he ae of oe because the axle acts 
i ae +. relative figures, so that by ihe judicious 


selection. of the class of friction under 
investigation, all. the conditions that: 
occur in practice may be suitably repro- 
-- duced. — st 


Application of the data obtained. 


By means of. the data obtained we shall 
now investigate the behaviour of the vari- 
ous arrangements of locomotive-axles 
with regard to the pressure on the flan- 
ges; of the effect of this pressure on the 
wheel, and on the rail, and on the actual 
rolling a 


line of rail, or - to arrange : 
dially, according to whet er the ple ane 
of the wheel makes an angle with 
radius of the curve which is" unequal to 
90°, or equal to 90°. The method of cal- 
culation usually adopted up to the pres- 
ent for ascertaining the pressure on the 


flanges and the corresponding wear is 
We give below a more ac- 


incorrect. 
curate calculation based upon the results 
we have obtained. ; 

Each pair of wheels tends to ema Ft 
in the direction of the plane of the wheel. 
If the latter makes an angle other than 
90° with the radius of the curve the 
flange touches the rail at a definite angle 
x, preventing the wheel from proceeding 
in the direction it has and compelling it 
to following the curve of the rail; the 
wheel slips in the direction of the radius 


of the curve and pressure is produced 


on the flange amounting to Pr X pe. 
This figure is independent of the angle 
of incidence x, it depends only on the 
load on the axle and on the coefficient 
of friction corresponding to the parti- 
cular rolling speed. 
If a wheel proceeds in the direction of 
‘the arrow (fig. 10) it turns about an instan- 


taneous centre A. The pressure S of the 


flange at B, gives rise to a braking force 
S = yp, acting against the rolling move- 
ment, where yp, represents the coefficient 
of friction against sliding The instan- 

f . Vra 
taneous velocity vq of the point B is —— 
the loss of power W;, due to S, will there- 


Lp eR 
fore be W;= taX taX Pr XO notre H P.; 


# Vra 4 ; 
or, if we replace vq by —— and we express 
2 


the speed in kilometres per hour. instead 
of giving it in metres per second : 


“4 Bg % pa X Pe ® Vn 8 
pape +R Ocagr 


The unknown quantity a is the hori- 


toy 3/8 aaa ft. 3 in.). 


} the — fer” 


. 4 ac ¢ 
11 aac Dip-d hue? this for a gle 
ence a of Se and ae an 


‘The losses due to friction: at various 
speeds have been taken in figure 43: for 
these conditions on the assumption that 
the load on the small axle amounts to” 
12 tons and that on the large axle to 
18 tons. The coefficient pg of sliding 
friction is that given in Hutte (vol. Ts 
p. 2435, 374 example). The character of - 
these curves is of interest because they — ‘a 
show in the first instance that an in- 
crease of losses occurs up to a speed of ey 
about 70 km. (43.5 miles) per hour for 4 
both wheels, above this speed the curve ? 
drops again. The reason for this is that 
the lateral coefficient of friction », and : 
particularly the coefficient of sliding d 
friction pg diminishes with increased 
speed. It will be noticed that the angle 
of incidence does not affect the pressure 
of the flange. On the other hand the 
frictional losses for a wheel that runs 
along a rail vary with the magnitude of 4 
the angle of incidence a. The frictional a 
losses for the axles which take up an 
oblique position are therefore actually ry 
very large and may, particularly in the 
case of wheels of large diameter and 
heavily loaded, lead to abnormal wear 
of the flanges and necessitate premature 
renewal of the pair of tyres. It is ob- 
vious that this wear on the tires has its 
counterpart in the wear of the rail heads ~ 
‘and gives rise to heavy work on main-— 
tenance of the track. In the case of 
leading wheels, and particularly of driv- 
ing wheels having a large angle of incid- 
ence, the use of a good system ‘ee greas-— 
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sale on i the baad of te" pas pai Pe 
cularly at the rail-joints and point-ton- 


gues. From the preceding it follows — 


that the axle arranged radially can carry 


-a much greater pressure on the flange 
than one that is arranged obliquely to 


the radius. From the point of view 


of the pressure on the flanges and Oj 
smooth running on the curves, the radial : 


axle has great advantages over an axle 
that takes a position inclined to the 
radius, * : 

We will also briefly examine the in- 
fluence that a pair of wheels rolling in 
an oblique direction exercices on the 
track. The flange that rubs or presses 


sideways against the head of the rail 


with a force S (fig. 15) the magnitude of 


which can be calculated exactly. These 
force S is the reaction necessary to over-. 


: ayn S 
come the resistances to friction = pro- 


duced on the wheels in consequence of 


the obliquity of the axle. 
It is understood of course that the 


forces S and : acting on the head of the 


outer rail must be of opposite sign; con- 


sequently the force : with which the 


wheel II presses outwards against the 
left rail head remains. 

Aales occupying an oblique position 
when rolling cause forces to act on the 


rail head due to friction and these forces 


tend to increase the gauge of the track 
and cause forces of reaction to act on 
the axis of the pair of wheels tending to 


cause bending and having a couplé 


equal fone Yr. The stress resulting from 


2 


lowed by the pivot definitely determines | + =a] 


gement of t t] 
Spee 7 


of Bissell ‘ne ae “They kc me a 
ui aes sere other gS are a o-~ 


- 


Paligenitnts fe rolling” and ob liquity of 
the axis a the sag is. Rese es The . 


ways ive Bes, i hg eee Da turn- 
ing about a pivot arranged either to the 
front or to the rear and on the eS 
tudinal axis of the locomotive. 
hens running * oPaaer the! ted will” < 
occupy a radial position. The path fol- © 


that to be taken by the axle. If, for 
example, the pivot D moves along ‘the ’ 
straight line G (fig. 16) the pair of - 
wheels, can Ata ee oo Poe a pa- — 


is no ene nacesedaeu 
gcse of the, ae describes an are coon 


cs 
. 
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of radius R’ = R — h where h is the 
sagitta of the arc and where R! = 


VY R2 — a2, when a represents the length 
of the sagitta of the Bissel bogie (fig. 16). 

If the direction of running is reversed 
(fig. 16) the force S will change in sign 
and it will be necessary for it to act 
towards the inside of the curve in order 
that the pair of wheels should continue 
to follow the straight line G’ parallel to 
the direction of running. When G/ coin- 
cides with G the force S tending to keep 
the wheels in line should vanish because 
the axle when in this position is in un- 
stable equilibrium. The slightest devia- 
tion under this condition would momen- 
tarily cause the axle to return to stable 
conditions provided that the friction of 
the flange against the rail did not prevent 
it. These facts show at once in their 
practical application that a leading Bissel 
truck when running on the straight must 
have a great tendency to lateral oscilla- 
tion in consequence of the play that 
exists between the flange and the rail. 
The check-springs would not prevent 
this additional movement unless the 
force exerted by them attained the ma- 
gnitude of P,- »2: in some circumstances, 
on the other hand, they might damp out 
the sideway oscillation of the whole lo- 
comotive. On a curve, according to the 
build of the locomotive and the length a 
of the deflection of the bogie, a leading 
Bissel truck will rub its flanges against 
the outer or the inner rail (figs. 18 & 19). 
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Explanation of German term: 
Fahrzeugaxe = Centre line of vehicle. 


In the case of locomotives required to 
run on a line having numerous curves 
the designer should so choose the axis 
of rotation that the leading axle will de- 
finitely exert pressure against the outer 
rail. This arrangement will assure the 
avoidance of sideway oscillation, at any 
rate on curves. 

The truck with two azles, or the bogie, 
is distinctly superior to the Bissel bogie 
in respect to its directional properties. 
Contrary to the case of the single axle 
truck, the position of which between the 
tracks is determined by the driving axles 
to the rear of it, it exercises a determin- 
ing influence on the running. Actually 
it has no tendency to produce sideway 
oscillation either on the curve or on the 
straight. On the straight the wheels of 
the two axles, owing to any accidental 
cause, may rub against the one or the 
other line of rail and remain in this po- 
sition until change of level of the track 
or accidental forces acting at the pivot 
drive them back towards the other rail. 
The oblique position cannot be main- 
tained and consequently periodic side- 
way oscillations (swaying) cannot occur. 

We have seen from figure 17 that the 
path of a trailing axle B is definitely de- 
termined by that of its central point of 
attachment A. The function of this point 
is fulfilled in the ordinary bogie by the 
leading axle. On a curve it follows the 
outer rail with an angle of incidence that 
varies with the wheel-base of the bogie 
and the radius of the curve dependent on 
the clearance. If the line follows a circle 
of radius R the axle B describes a circle 
of radius R/ determined by the expres- 
sion (“ R? — a2| where a represents the 
wheelbase. 

Figure 20 shows in what manner the 
trailing axle II follows the leading axle I, 
carried on the same frame, when the 
latter suffers to and fro sideway move- 
ments, within the limits of play between 
the flange and the rail due to bad state 
of the track or other disturbing influen- 
ces. The zigzag line 1 represents, for 


the bogie is subjected to a similar devia- 
tion the magnitude of which is less the 
nearer the point is to the trailing aczle. 

The sideway oscillations of the front 
axle which extend over a longer period 
of time and over a longer distance also 
involve a much greater sideway displace- 
ment of the trailing axle II, but this dis- 
placement can never be produced of 
such magnitude that it is necessary to 
make provision against rebound of the 


flange from the rail. Consequently, the t 


second axle of a bogie runs much more 
smoothly and with much.more stability 


than the leading axle over any lateral 


irregularity in the track. 

The determination of th best position 
for the pivot of the American four-wheel 
bogie used almost exclusively on express 
locomotives and on eight-wheel passen- 
ger coaches is still to-day a controversal — 
question. It will be seen from figure 20 
that steadier running and less wear of 


the flanges and of the rails will occur — 
when the pivot is placed above the trail- — 
ing axle II, the loads on the axles being 


so distributed that the sum of the cen 
fugal forces and of the accelerating 
ces acting on the pivot when taking a 


curve remain definitely less than he 


Fig. 20. 


nae ‘Suitable for the d r 
ning shown i 


the symmetrical ru 
tral DIY GIS 4 is. s preer ed. 


‘the ee on fo “a curve to the left, or 


ae of ecsiieent, It is the peg BR 
visable ‘that the eating bogies, ot loco- 


than eat wheels of which the axles are 
ae) parallel and are carried in the same | 
“3 ; ey aoe Par of _ wheels qmay 


We batt eonatlor, ies pete a six- 
wheel | vehicle a 22). On. a curve the 


“Axles oe aia ‘Il have ‘Gch a tendency to 


ae pening oft cal curve to 


take up a radial position; but, in conse- 
quence of their parallel arrangement on 


_ the common bogie frame, they cannot si- 


multaneously assume a radial position 
and the result is to bring into action cor- 
recting forces Sy and Sui at the ends of 
_ the lever arms a, and a, which tend to 
cause the chassis to turn about A the 
point of contact of axle Isy Si, and Sin 
_ have the same value and are of opposite 
aoe pee ae the correcting force 


o5% 5 


quantity Sk . a If, on the other hand, 


as 


axle II can move laterally with regard 
to the chassis it will rub against the outer 


rail and exercise no influence on the 


running of axle III; in other words the 
vehicle will have the rolling properties 
of a four-wheel bogie of which the wheel- 
base will be a,. i 
apply equally to bogies with eight and 
ten wheels and as each locomotive re- 
presents a combination of several trucks 
their mutual action contributes to deter- 
“mining the smoothness of the running 
with regard to the wear of the track and 
stability when running. ; 

_ The use of an independent drive of 
the axles of electric locomotives enables 
considerable subdivision to be made of 
each frame. Use is often made of this 
feature to improve the running on cur- 


ves; sometimes the designer omits to take. 


sufficient account of the influence of 
this arrangement and in particular the 


The same arguments . 


+ 
a 


but it often happens that connexions are 
used which prevent this freedom of 
deplay. The former arrangement, with 
_the heavy loads carried on electric loco- 
motive wheels, gives excessive pressure 
on the flanges anal. excessive wear of the 
wheels on ae IV. The consequence of — ERGeIE fae ‘ne reuse HeMangte a 
the latter arrangement is a less smooth | construction is not ae act 
running of the ‘vehicle because at high 
speeds the locomotive has a considerabla 
tendency to acquire a sideway oscillating : ie 
movement. of which on ihe ica one differs inne 

The. explanation of this is given in essential from that of. the ordinary Bissel, 
figure 24. This shows that the forces whereas there is an improvement in run- 
tending to keep the axles II] and IV ning on curves and particularly in en- 


radial are equal and opposite because III tering the curve due to the play of the — ee 
and IV are connected at the point M in | driving axle and the displacement ‘of ‘thei’ -9 
such manner that the sideway deviation pivot. An advantage of this method of  —__ 
of the two bogies, that would naturally construction over tat shown in figure rf 
occur, is prevented; these two axles, are jis that the properties mentioned deter- * 
in a position of unstable equilibrium mine the automatic sub- -division of the A 
with regard to transverse | displacement centrifugal forces applied to. the pivot D © = 
within the limits of play tf in the track, between the two axles. “Moreover, it is ae 
and this instability would be disturbed to be noted that. the driving axle of the : 
by the slightest change in the coefficient _ Krauss-Helmholtz bogie, owing to the 3 me 
of friction or by other accidental causes. : large angle of incidence that. it makes ne # Ne 


The two axles « float > as it were from curves Bed of the large amount of fric- S Ey 
side to side within the limits of play t tional work which this causes, would be — 
because the sum of the forces exerted in incapable by itself of absorbing the whole _ 
keeping them in radial staph Gs has be- of the centrifugal force. But there need — 
come equal to zero. be no hesitation about transferring tl Be 
The reader will be enabled to nailer load to the i iving axle of the truck 
stand the methods of calculating the which is ‘shown n figure 26, particularly 
righting forces and the pressures on the when it runs as the leading bogie. It ghey 
flanges, as found from the results of the moreover, always possible to divide the 
trials, by a numerical example with effect of coe force as desired be- 


, ty sas ss 
ay 


t 
1 


_ (3/64 inch). 
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tween the two axles by means of the 
check springs. 

In figures 29 and 30 relating to the loco- 
motive shown in figure 25 we have 
shown, diagrammatically, the pressures 
of the tyres that are produced when run- 
ning round a curve of radius R = 1 000 m. 
(50 chains) at a speed of 105 km. (65.2 
miles) per hour. The vehicle shown in 
figure 29 has bogies with the pivot car- 
ried towards the rear (fig. 26) and that 
in figure 30 has carrying bogies of the 
Krauss-Helmholtz type (fig. 27). We 
have not taken account of wind pressure 
or of the other lateral forces which may 
accidentally be brought into play be- 
cause it is necessary to make arbitrary 
assumptions in order to determine them, 
and because under normal conditions 
their effect is small in comparison with 
that of the centrifugal forces. 

We have selected a curve of 1000 m. 
(50 chains) radius because at the higher 
limit of speed legally permitted this is 
the radius on which the effective cen- 
trifugal forces attain their maximum. 
In the case under consideration this 
effective centrifugal force amounts to 
4 200 ker. (9 260 lb) and represents the por- 
tion of the total centrifugal force to be 
taken into account in the determination 
of the pressures on the flanges. Allow- 
ance by deduction for the corresponding 
super-elevation has consequently been 
made. 

The manner in which the locomotive 
fitted with the bogies shown in figure 26 
conforms to the curve can be seen in the 
following way : the outer circle repres- 
ents a curve of radius R = 1000 m. On 
the inside 10 mm. (3/8 inch) has been 
allowed for total play between the flange 
and the head of the rail. The wheels of 
axle I rub; axle II is arranged radially. 


In case of radial position it is found by: 


calculation that the distance between the 
outer rail and the flange is 1 mm. 
: From these data the posi- 
tion of the front bogie can be determin- 
ed. With regard to the rear bogie, the 


wheels on axle V touch the outer rail and 
axle VI is convergent, so that the posi- 
tion of this bogie can also be determined, 
If we now join the two centres of rota- 
tion D, and D, whe shall obtain the lon- 
gitudinal axis of the locomotive. It will 
be found that the distance of the centre 
of axle I from the centre of the locomo- 
tive is 12 mm., and 16 mm. (15/32 and 
5/8 inch) relatively to axle VI. Axles III 
and IV should have a lateral play of 
15 mm. (19/32 inch) on each side of 
their normal positions. Consequently 
each pair of wheels runs independently 
without exercising any force on the side 
frames. The wheels on axle III rub 
against the heads of the outer rails, those 
on axle IV against the head of the inner 
rail. Centrifugal force is absorbed par- 
tially by means of the check springs act- 
ing on axles I and VI which are capable 
of withstanding a load of 1000 kgr. 
(2 205 Ib.) each,so that 1 200 kgr. (2 645 Ib.) 
is carried on each of the two pivots. 

As axle I makes an angle with the rail, 
an effect tending to bring it radial is pro- 
duced to which, as the result of the mea- 
surements we have made, we can assign 
a numerical value. We see from figure 5 
that for V = 100 km. (62.1 miles) the 
coefficient of friction », diminishes to 


66 % of the value of v,. Supposing that 
by = 3 we find that when the carrying 
axle carries- a; load. of 12 tons. the 
force tending to bring the axles radial 


is : « 12 x 0.66=2 640 ker. (5 8290 Ib.). 


To this force due to the righting forces 
must be added the load on the springs, 
that is to say 1 000 kgr. (2 205 lb.), hence 
a total pressure on the flanges of 3 640 kgr. 
(8 025 lb.) is obtained. Axle II is ar- 
ranged radially and the pressure on the 
flanges is therefore nil. This axle how- 
ever undergoes the action of centrifugal 
force amounting to 1 200 kgr. at the cen- 
tre of rotation D,. Is adhesion suffi- 
cient to resist this force amounting to 
1200 kgr.? Here again we are taking 
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flange ‘is _ obtained ~ and — 
4700 kgr. do 360 Ib.). 
behav as in ee 29. 


amounts to 


-—fugal force amounting to 1160 kgr. 
(2.557 Ib.) that is 2 380 kgr. (5 248 Ib.). 
The same is the case with axle VI for 
which the pressure of the flange is 
Eeeorainels 2640 — 1 040 = = 1 600 ker. 
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Locomotive boiler performance, 


By E. C. POULTNEY, 0.B.E. 
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Figs. 1 to 15, pp. 442 to 455. 
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The coal consumption of a locomotive 
per unit of power developed for any given 
amount of steam supplied to the cylin- 
ders largely depends on the proportions 
of the boiler and the quality of the fuel. 
The amount of heating surface anid the 
size of the grate determine the evapora- 
tive power of the boiler, and upon the 
proportions which exist between the 
heating surface and the area of the fire- 
grate depend other characteristics of 
importance. The results obtained by a 
change in the relationship between the 
amount of heating surface for each 


~=.square foot of grate are important, and 


it Tt constitutes one of the chief va- 
riations whieh are found when the di- 
mensions of boilers of different locomo- 
tives are examined. 

With the object of bringing to notice 
the performance of locomotive boilers 
differing in the proportions of their re- 
lated parts when operating at various 
rates of power output, the following ar- 
ticle is offered. The information given 
is based upon tests made by the Penn- 
sylvania System on the locomotive test- 
ing plant at Altoona, Pa., and is taken 
from Bulletins Nos. 18 and 21, dealing 
respectively with tests made on « Paci- 
fic » and « Atlantic » type express loco- 
motives, classes « K2sa» and «E65, » 
Nos. 877 and 89. The writer is indebted 
to Mr. J. T. Wallis, chief of motive power, 


for his courtesy in allowing this informa- 
tion to be published. The tests reports 
give complete information as to the action 
of the locomotives, but in this article, 
only the performance of the boilers and 
superheaters will be-considered. Fur- 
ther, it is not intended to go into the sub- 
ject in its entirety; that is, it is not pro- 
pesed to deal with all details relative to 
the expenditure of the heat units in the 
fuel fired, and conclude with a complete 
heat balance, but rather to discuss the 
more important actions which go to make 
up the boiler performance. After a 
description of the locomotives involved, 
the following different functions of the 
boilers and superheaters will be consid- 
ered, each under a separate sub-heading, 
which are designated as follows : 


1° Blast action and draught; 

2° Sparks; 

8° Fire-box and smoke-box tempera- 
tures; 

4° Evaporation and fuel consumption; 

5° Steam pressures; 

6° Boiler efficiencies; 

7° Heating surface action and heating 
surface grate area ratios. 

8° Long and short boiler tubes; 

9° Superheater performance; 
10° Fuel consumption and power deve- 
loped. 
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General description of the locomotives. 


The following is a general description 
of the two locomotives, the particulars 
given relating more particularly. to the 
boilers : . 


« Pacific » 4-6-2 Type. — The « Pa- 
cific » type locomotives, class « K 2s a», 
were built at the Juniata shops, Altoona, 
’ Pa., and were the first. superheated 4-6-2 
type engines to be constructed by the 
Pennsylvania system. They are fitted 
with boilers having a Belpaire type fire- 
box, with a straight topped barrel sec- 
tion and a circular smoke-box 79 1/2 
inches long inside. A steam dome is 
mounted on the rear barrel course. The 
fire-box has sloping back and _ throat 
plates, and is fitted with a brick arch 
carried on four arch tubes. The grate 
has an area of 53.72 square feet, of 
which about 25.71 square feet, is the 
active shaking area. Drop grate sec- 
tions, 12 inches wide, are placed at both 
front and back ends, and along the cen- 
tre line is a centre grate bearer, having 
air inlets, and which is 7 3/4 inches wide 
on the top face. The barrel is fitted 
with a Schmidt type superheater of 
thirty-two elements, having a diameter 
of 1 7/16 inches outside, and a heating 
surface (fire-side) of 989.32 square feet. 
The flue tubes are 5 1/2 inches and 
2 1/4 inches outside diameter, and the 
length over tube sheets is 21 feet (252 
inches). The smoke-box is equipped 
with a superheater compartment, with’an 
automatic damper. The exhaust nozzle 
is rectangular, 4 3/4 inches by 7 inches, 
the top of which is 12 3/4 inches below 
the centre line of the boiler. A cast iron 
lift pipe extends from the centre line to 
the chimney. No change was made in 
the front end arrangement during the 
progress of the tests. 


« Atlantic > °4-4-2> Type. <= ~The 
« Atlantic » type engines, represented by 
elass « E 6 s,-» were the first engines of 
that type to be built having superheaters, 


and followed a class known as « E 6 » 
working with saturated steam. Both 


‘were alike, with the exception of the 


superheating equipment. The _ boiler 
has a Belpaire type fire-box and a com- 
bustion chamber of medium length, and 
has sloping back and throat plates. The 
barrel is composed of two courses, a 
parallel section next the fire-box and a 
tapered section next the smoke-box. 
The largest. diameter is 83 1/2 inches 
outside. The length of the smoke-box is 
69 1/2 inches inside and between tube 
sheets 164 5/8 inches (18 ft. 8 5/8 in.). 
There are 242 2 inch tubes and 36 5 3/8 
inch flues, and a Schmidt type super- 
heater is fitted, having 1 1/2 inch tubes. 
A steam dome is situated on the rear 
barrel section. The fire-box is fitted 
with a brick arch carried on three water 
tubes. The fire-grate is generally similar 
to that fitted to the K 2s a « Pacific > 
engine, and has an area of 55.23 square 
feet. 

The ratio of proportions -— as set out 
in the table in the next column — show 
how the two boilers differ in the size and 
disposition of their heating surfaces. 
The « Pacific » type engine, owing to the 
fact that it has three pairs of wheels 
under the barrel portion of the boiler, has 
considerably more tube surface than the 
« Atlantic » type, having the shorter 
barrel section. The tubes for the « Pa- 
cific » engine are 250.08 inches long; 
those for the « Atlantic » engine being 
only 164.63 inches, their outside diameter 
being 2.25 inches and 2.0 inches respect- 
ively. 

The total heating surface (fire-side) 
in the tubes, flues and superheaters of the 
two boilers is 4 104.38 and 2 835.01 square 
feet for the « Pacific » and « Atlantic » 
type engines, so that the « Pacific > 
type engine has 44 % more heating sur- 
face in the tubes, flues and superheater 
than the « Atlantic » locomotive. ‘he 
« Atlantic » engine has the larger fire-box 
of the two.. This is due to the fact that. 
it is fitted with a combustion chamber, 
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which, together with the three arch 
tubes, gives it a total heating surface of 
254.48 square feet, against 208 square’ 
feet for the « Pacific » type engine, which 
is not fitted with a combustion chamber, 
but which has four arch tubes. 


Table of general dimensions and proportions. 


«Pacific» «Atlantic » 


type, type, 
é 5 class class 
Heating surfaces : «K2sa»n «E6s.9 
Tubes and flues (fire-side) 3115.06 2 146.20 
Fire-box and arch tubes . 208.02 254.43 
Superheater (fire-side). 989.32 688.84 
Total, combined. . . 4312.40 3 089.49 
Gratevartea © ee? Bae. 53.72 55.23 
Fire-box volume, cubic feet. 244.3 256.18 
Heating surface based on 
water-side of tubes and : 
flues, 25 StF. Biers 3 436.37 3 348.19 
Tubes 
Number x. at uiea sabe ties 202 212 
Outside diameter, inches . 2.25 2, 
Length, inches. ..... 250.08 164.63 
Flues: 
Outside diameter, in: hes . bed oto 
Length, inches. .... . 250.08 164.63 
Cylimdersz =... om, ke eae 24 S26" 22° 26 
Drivers, diameter, inches . 80 80 
Boiler steam pressure... . 205 205 


Boiler proportions, heating surface based 
on fire-side tubes and flues. 


Total heating surface 
Superheater surface 
‘Total heating surface © * ” 
Fire-box heating suriace 
Grate area . 
Fire-box heating surface 
Total heating surface 


Fire area through tubes and 
flues 19 
0 0 
Grate area [0 So , 


Boiler proportions, heating surface based 
on water-side of tubes and flues. 


Total heating surface 
Grate area PH 

Superheater surface 

‘Total heating surface 

Fire-box heating surface 

Grate area ris 
Fire box heating surface 
Yotal heating surface 
Fire area through tubes and 


flues 
14°/o 
Grate area 


Coal used. 


The coal used throughout the tests for 
the two locomotives was Penngas, a 
bituminous fuel having the following 
characteristics : 


» Pacific » type engine tests : Average approximate 


an lysis. 
Fixed'carbon peje seo <u ae gens 56.77 
Volatilesmatler 0/2 mo) <%= (a eae 35.08 
Moistire,.¢/ oie. sasn tee eer one 1.09 
ASH, foi shes ke og -setseeMenauenis vores 7.06 
; 100.00 
British thermal units (dry), per lb. . 14 530 


« Atlantic » type engine tests ;: Average approximate 


analysis. 
Fixed carbon, joe 92 Siu. 7 Ee. 58.45 | 
Volatile matter, %/o ......%. 33.65 
Moistuney O/o.0. Win... sl. eh ohee rennet 4.54 
AShs '/6's 2h cdi ee ee 6.36 
100.00 


Brilish thermal units (dry),per lb . 14 470 


The calorific value of the coal fired. 
was for all the tests very uniform. For_ 


the « Pacific » type locomotive the vari- 
ation was from a maximum of 14 735 
British thermal units to a minimum of 


14 207 British thermal units per Ib., dry,. 
and in the case of the « Atlantic » the: 
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figures were from 14 698 British thermal 
units to 14156 British thermal . units 
per Ib. . 


Blast action -and draught. 


The « Pacific » type engine tested had 
a chimney 18 1/2 inch diameter, in- 
creasing to 19 inches at the top, and the 
exhaust nozzle was rectangular, 4 3/4 
inches by 7 inches, the longer dimension 
being lengthwise of the locomotive. An 
investigation of the exhaust action show- 
-ed that with this form of exhaust nozzle 
the chimney was completely filled during 
rates of actual evaporation from 18 000 lb. 
to 47000 Ib. of water per hour. At the 
latter rate a draught of 15 inches of 
water was attained in the smoke-box at 
the front of the diaphragm. The dyna- 
mic pressure indicated across the top of 
the chimney being at the same time 
4.5 lb. per square inch. 
Tests of a locomotive No. 150, class 
« K 2, » exactly similar to the « K 2s a» 
class, but without superheater, and 
,having in consequence considerably 
more water heating surface, showed that 
with a circular nozzle, 61/2 inch 
diameter, a greater evaporation than 
44900 Ib. could not be obtained with a 
maximum draught of 8.5 inches and a 
dynamic pressure across the chimney of 
7 lb. This pressure was not uniform, 
rising to a peak at the centre of the 
chimney, showing that it was not pro- 
perly filled. On a rectangular, 7 inches 
by 4 3/4 inches nozzle being applied, the 
dynamic pressures obtained were more 
uniform, and at 4 |b. per square inch and 
with a draught of 13.9 inches the evapo- 
ration was increased 19 % to 53300 Ib. 
The « Atlantic » type locomotive, when 
first the tests were undertaken, was 
fitted with a circular exhaust nozzle, 
6 1/4 inch diameter. With this it was 
found not possible to obtain a higher 
rate of evaporation than 36600 Ib. of 
water per hovr. At an actual evapora- 
tion of 32700 lb. there was a high peak 


of pressure of about 32 Ib. per square 
inch across the top of the chimney, 
diminishing to about 5 lb. round the 
sides. The smoke-box draught was 
8.5 imches. To improve the chimney 
conditions a rectangular nozzle of equal 
area to the circular nozzle was fitted, 
with the result that the dynamic pres- 
sures were more equalised, and the possi- 
ble evaporation was increased 7 % to 
38 800 Ib., with a smoke-box draught of 
12.9 inches. The chimney had a dia- 
meter of 17. inches, increasing to 
19 inches at the top. No definite reason 
is advanced to account for the better 
draught condition obtainable with a rec- 
tangular, as against a circular nozzle, but 
it is suggested that they direct the exhaust 
steam and entrained gases, so that they 
more completely fill the chimney and 
cause a larger volume of gas to be drawn 
out. 

Figures 1 and 2 show the draught re- 
cords for each boiler respectively, the 
draught in inches of water being plotted 
against the rate of firing (dry coal) per 
square foot of grate per hour. The four 
curves drawn indicate the draught read- 
ings at the ashpan, fire-box and behind 
the diaphragm — that is, at the smoke- 
box tube plate — and also in the smoke- 
box in front of the diaphragm. Within 
limits, an increase in draught is followed 
by an increase in the combustion rate, 
and the results shown in the case of the 
« Atlantic » seem to indicate that more 
fuel might have been fired to advantage; 
reference, however, to figure 5 giving the 
rate of evaporation shows, however, that 
above a firing rate of about 7 000 Ib. of 
fuel per hour, further coal was not burn- 
ed. as the rate of evaporation did not 
increase, 

The space between the lines indicates 
the resistance between the different sec- 
tions of the two boilers, and the «Pacific» 
type boiler having the long tubes shows 
the greatest draught loss to take place 
hetween the fire-box and the smoke-box 
tube plate. The draught readings in the 
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Ib. whet 7 183 Ib. of Paty coal were a 
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: Wa Sepsis tHe fuel. fiestas per ee 
; square foot of grate per hour. The a 
_ weight of sparks being expressed ASH AR Fh 
percentage of the total coal fired per a 
hour, the percentage lost for the « Atlan- 

tic » engine seems to increase in a uni- 

form manner as the rate of firing in- 
creases, and a straight line can apparent- 

_ ly be drawn which fairly. mepeeseats the 

rate of increase. © 

_ For the « Pacific » the points pioaiuell 

ssc widely scattered, and it seems 

that the spark losses diminish at the 

higher rates of firing. A curve can 

hardly be drawn to represent the results ; > 
fairly, so the line shown scarcely does ts 
more than indicate what would appear =g 
to be the general result for this locomo- 

tive. Analysis of the sparks obtained sd 
during the trials of the « Atlantic » loco- _ i 
motive indicated that their value per : 

pound in British thermal units ranged 

from 9 800 to 12 097. 


Fire-box and smoke-box temperatures. 
- Spark losses. Sek, er 


= : ; The temperature in the two fire-boxes 
cas Syias of the greatest heat losses in ES ranged from 2000° to 2400° Fah., at : 
‘action of the locomotive boiler is that firing rates of 30 Ib. to 140 Ib. of dry 
due te ies weight on the sparks are coal per hour, corresponding to 1 670 Ib. 
+ to 7900 Ib. of coal per hour for the 
« Atlantic » engine, and for the « Pacific » 
_ from 2 200° to 2 300° Fah. at firing rates 
of from 30 Ib. to 180 lb. of coal per square 
foot of grate per hour, corresponding to 
from 1 600 Ib. to nearly 10 000 ibs: of cont 
per “hour. 
"smoke. wacas fic, eae ear ner The ‘comparative fire-box and smoke- 3 
as estal lished that there. iad a rapid “box temperatures are given in figure 4, 
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latter figure the boiler was evaporating 
its maximum weight of water of 64 711 Ib. 
(equivalent evaporation) per hour, and 
the rate of combustion was 146.7 lb. of 
dry coal per square foot of grate per 
hour. The speed was (240 revolutions) 
55 miles per hour, the regulator was 
wide open, and the cut-off 50 %, the 
power developed being 2 411 indicated — It 
horse-power. The « Atlantic » maintain- 
ed a highest average pressure of 205.9 Ib. 
and a lowest of 183.1 Ib. At the highest boiler i is much 
equivalent evaporation attained of with the « Pa 
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: In the very noticeable falling off in 


3. evaporation shown by the curve for the 


« Pacific » type boiler, it seems probable 
that an explanation can be found for the 
decrease in the sparks discharged from 


_ the chimney at the higher rates of firing. 
It will be noticed that the -highest eva- 


poration reached was 15.1 lb., equal to a 
total equivalent evaporation of about 
64000 lb. per hour. When working 
at this rate the draught at the smoke- 


box tube plate was — from figure 1 
— about 15 inches of water. An in- 
crease in the rate of firing failed to 
produce a corresponding increase in 
evaporation ,and when 181 Ib. of dry 
-eoal was fired the equivalent evapora- 


tion obtained was only about 13.7 Ib. 


ently the effect 
of sparks throwr 
Figure 6. iSDQNRE 
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tion per square foot of heating surface 
the coal rate per square foot of grate area 


per hour is lower. 


Referring back to figure 5, it will be 


noticed, for example, that for an iequi- 
valent evaporation of, say, 13 Ib. of water 


per square foot of heating surface, the 
« Atlantic » type boiler burns but 76 Ib. 


against about 109 Ib. per square foot of 
grate per hour for the « Pacifie » type, 


corresponding to 1.360 Ib. and 1.355 Ib. 


per square foot of heating surface respec- 


tively. Fora given rate of ener 
the boiler having the jarger heating sur- 
faces relative to the grate surface has 


been shown to be the more economical; 
but on the basis of a given evaporation | 
per square foot of heating surface, the 
boiler having the larger grate in propor- | 


tion to the heating surface is to be pre- 


ferred. 
The two additional lines ae in fig- — 
ure 6 show how the rate of evaporation 
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We will now discuss the action of Mie 
evaporative heating surfaces in absorbing | 


the heat liberated by the oa fuel on 


the grate, 


gol 


Action of evaporative heating surfaces 


ae heating SUE ESCE EEE area ee : 


From the preceding ih Pris es} 
cially those having reference to the f 
box and smoke-box temperatures and the 
comparative evaporations . obtained, the 
following are the conclusions arrived at 
regarding the action of the evaporative — 
heating surfaces in absorbing the heat 
available, ; ie i ees 
On the basis of a given rate of comnts 
tion for the boiler having the larger heat- 
ing surfaces, a less quantity of fuel is 
fired per square foot of heating surface, 
which means that a less quantity of gas 
is formed pis to the beating sur agee 


which absorbs a given Aa of head 

The larger the heating surfaces the 
_ greater will be the quantity of heat trans- | 
ferred to the water, which will be evapo- 
rated in- larger quantity for the fuel 
burned, and the temperature of the ter- 
minal or waste gases will be corres- 
pondingly low. If a greater quantity of 
fuel be fired per square foot of heating — 
ees as would. be. the case if the boiler 
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terest, as showing the relationship be- 
tween the total coal fired per hour and 
the power developed. For the « Atlan- 


ORY COAL LB. FIRED PER HOUR 


MWDICATED HORSE POWER 


Fig. 8. 


tic » engine a rapid increase in fuel con- 
sumption is indicated as the output_of 
power increases. The « Pacific » type 
engine, on account of its more econom- 
ical boiler performance, shows a more 
gradual increase in fuel consumption; 
but it is, however, evident that, at the 
higher rates of coal firing, evaporation 
and hence the power developed, did not 
increase; the fuel fired was not burned. 

It would appear that when 8 000 Ib. of 
coal were fired, or 150 lb. per square 
foot of grate per hour, there were very 
considerable losses through incomplete 
combustion. Figure 5 showed that eva- 
poration begins to fail at that point, and 
figure 3 that the weight of sparks dis- 
‘charged reaches its maximum at about 
the same rate of firing. The tempera- 
ture difference, however, between the 
fire-box and smoke-box is still about 
1 700°, or what is was when the rate of 


VI-3 


combustion was only 75 lb. of dry coal 
per square foot or heating surface, which 
indicates, as has already been pointed 
out when discussing the fire-box and 
smoke-box temperatures, that each cubic 
foot or pound of gas liberated gives up a 
certain amount of heat to the heating 
surface. It therefore seems that failure 
to increase evaporation in proportion to 
a given increase in the rate of firing, is 
not due to the inability of the: heating 
surfaces to absorb the additional heat 
available from the increased flow of gas, 
but rather to failure on the part of the 
fire-box to burn the coal fired effectually. 


Long and. short boiler tubes. 


In connection with a study of the 
draught records shown by figures 1, 2 
and 9 for any given rate of fuel consump- 
tion, the influence of the flue and tube 
length and also the gas area through the 
tubes and flues must be taken into con- 
sideration. From the particulars fur- 
nished of the two boilers under test it 
will be noticed that the outstanding dif- 
ference is in the length of the tubes, those 
for the « Pacific » type locomotive being 
21 feet long, as against 13 ft. 8 in. for 
the « Atlantic ». The ratio of proportion 
between the gas areas through the tubes 
and flues and the grate areas is ap- 
proximately equal, from which it may 
be concluded that the greater draught 
necessary to produce a given rate of com- 
bustion in the case of the « Pacific » en- 
gine is due to the resistance to the pas- 
sage of the products of combustion offer- 
ed by the long tubes, which in this case 
have a ratio of length to inside diameter 
of 125, as against 94 for the « Atlantic ». 

Figure 9 has been prepared to illustrate 
the comparative draught requirements at 
the smoke-box tube plate for the two boi- 
lers, one having long and the other short 
tubes. At low rates of combustion the 
difference is not very marked, but when 
an increase takes place considerable 
1 700°, or what it was when the rate of 


: “a 
square Vien of ate the differe 1¢ce is 
than 1 inch. Further, for a given dr: 


_ the « Atlantic » burns more fuel, the dif- 


ference again increasing with the rate of 


combustion... Within certain lit i é 
poration increases with the rate of cor 


bustion, so that for a given draught the — of the 


« Atlantic » type boiler furnishes more 
steam per square foot of heating surface. 5 
In figure 4 it was shown that at all 


_ rates of firing the temperature difference | 


between the fire-box and smoke-box was 
greater for the « Pacific >» type boiler 


“having ‘the longer tubes, and the evapo- 
- ration performance has been seen to be 


better per pound of coal fired, and hence 
the boiler efficiency higher, more heat 
being absorbed. In deciding, then, how 
long abies should be for a given locomo- 
age having other related characteristics 
the same, “the question to be answered 


appears to be how far or to what extent — 


is economical steaming to be sacrificed 
in the interests of greater evaporation or 


free steaming. In this connection and | 


in order ‘that. some idea may be formed 
as to the probable useful length for a tube 
of a given diameter figure 10 has been 
prepared to show the temperatures of 
the products of combustion as they flow 
through the tubes. In the tests the tube 
temperatures were obtained by a long 
thermo-couple inserted in a suitable tube 
30 feet long, so that it would reach 
through the smoke-box and through the 
tubes to the fire-box end. 

The couple was carried in the tube, the 
temperature of which was to be measur- 
ed, by a star- -shaped support, so that the 
couple was in the centre of the tube. 
The couple, after being inserted in the 
tube, was slowly withdrawn, the temper- 
atures being taken at each foot of length 
of the tube. The flue tubes were treated 
in the same manner, but in this case, the 
thermo- -couple had to rest on the bottom 
of the flue on account of the elements. 


coal pes is 780° ff 2 sthaiik 


' the higher rates of firing. It is evident 


tubes in the longer boiler would renal to at 


quickly, unde fi 
flat, indicating a much 
of the heat. The temperat 


6% the « Paeitics » cre ies the ‘diffe 
ence showing a tendency ‘to increase at. 


from figure 10 that the temperature dif- 
ference which takes place during He 
last 7 feet of the longer tube is very 
slight, apparently not more than about 50°, _ 
whilst from the run of the curves it ts 
would seem that.the shorter tubes, if 
F 
4 


lengthened, might be more efficient in 
absorbing heat, for although the curve — Ss 
flattens considerably after fis first haley 9 
there is a perceptible fall in temperature “s 
shown during che eee ety of their 
length. | HERA 
Figure 10 hiss the cehiek se con- a 
dition for fuel consumptions of 5 888 Ib, 
and 5 728 Ib. per hour for the « Atlantic » 
and « Pacific » boilers, which: correspond = 
to firing rates of 104 Ib. and 106 Ib. per 
square foot of grate per hour, and from 
figure 9 it will “be seen that the draught — ee 
requirements are 7 inches and 
respectively. The shor 


reduce the resistance offered to the flow 
of: the gases, cand with the same draught | 
lead to an increase in the rate of com- 
bustion, and because of that. the some- _ 
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what reduced heating surface might give 
an equal total evaporation per hour. 

There would, however, be some loss of 
heat due to increased terminai temper- 
atures and a slightly lower boiler effici- 
ency for a given rate of firing, because 
the longer tubes certainly effect a reduc- 
tion in the smoke-box temperatures 
though their heat-absorbing value per 
unit of length is small and the ‘value of 
the tube heating surface correspondingly 
reduced. On the other hand, shorter 
tubes allow of more fuel to be fired for a 
given draught, and the increased activity 
of combustion gives a greater evapora- 
tion per square foot of heating surface, 
a condition which is generally to be pre- 
ferred in locomotive practice, where 
weight considerations per unit of power 
are usually of importance. 

The temperature observations made 
showed that the particular position of 
the tube in the tube sheets made little or 
no difference to the temperatures; that 
is, tubes high up on the sheets showed 
much the same gas temperature as those 
set lower. The flue tube temperatures 
were for the « Atlantic » from 100° to 
200° higher than those recorded in the 
tubes whilst those in the « Pacific » type 
boilers generally indicated lower gas 
temperatures by about 80°. The report 
expresses the view that these temperature 
readings may be in error, as great diffi- 
culty was experienced in obtaining defi- 
nite readings, owing to « unstable con- 
ditions ». It seems reasonable to sup- 
pose that the gas temperatures might be 
higher in the larger tubes, owing in part 
to the larger volume of gas flowing 
through and passing over a hot tube sur- 
face, viz., the superheater elements, 


Superheater performance. 


When the superheater forms an inte- 
gral part of the boiler itself, as is the case 
with the Schmidt or flue-tuwbe type as 
fitted to locomotive boilers, part of the 
heat units liberated by the fire-box are 


‘ 


not available for evaporative purposes; 
they are absorbed by the heating surfaces 
formed by the elements comprising the 
superheater. The amount of heat taken 
up by the superheater depends upon the 
comparative volume of the gases which 
pass through the large tubes or flues, and 
the extent of the superheating surfaces 
and their position relative 'to the hottest 
part of the boiler which, in the case of 
the locomotive type of boiler, is the fire- 
box. Usually the elements are carried 
back to about 2 feet from the fire-box 
tube plate, and such was the case with 
the boilers now under consideration. 
The evaporative performance of the 
boiler and superheater combined per 
square foot of heating surface per hour 
was shown for the two boilers by fig- 
ure 5, and in figure 11 the equivalent 
evaporation of the boiler and superheater 
per square foot of heating surface is 
given separately plotted against the rate 
of firing dry coal per square foot per 
hour. The heat transfer across the water 
heating surface is proportional to the 
equivalent evaporation of the water, and 
that across the superheating surface is 
proportional to the weight of steam deliv- 
ered to the engines and the heat units 
added during its passage through the ele- 
ments, the equivalent evaporation of the 
superheater being proportional to the 
heat transfer thus obtained. The curves 
plotted, giving the relative evaporations, 
indicate the effectiveness of the evapora- 
tive and superheating surfaces in absorb- 
ing heat. The « Pacific » type boiler 
furnishes an equivalent evaporation per 
square foot of water heating surface of 
from 6.78 lb. to 17.62 tbh. with a corres. 
ponding evaporation of from 1.82 lb. to 
7.36 lb. of water for each square foot of 
superheating surface. The ratio of pro- 
portion of equivalent evaporation which 
takes place in the boiler and superheater 
varies from a minimum of 0.27 to a max- 
imum of 0.42, showing that each square 
foot of heating surface in the superheater 
absorbs from 27 to 42 % of the amount 


ao 


SH endng ‘dea 


\ 


‘S'H JOTEM ‘deag 
4 7 


‘87 08 


gee 
Fa, 
ol SAS 


OLt 


ersten | she 


x 
a 
A 


a NCL 
HES 


Pa \ tee 


PN pt Wd 
CNG 


za || NI 
pba 


SOV: uns oNniwaHusdns| 
"ONY BOVAYNS ONILWSH YALVM S50 jog 
OS yad NOILVYOdVAS ana WAND! d 


| 1voo 97 sse¢_ 


‘ON oy 


Ne 
Ee 


11d 8NL x08 Z10NS LHONVEO 


Nod 
= 


JO 4 


NOILSNSNOO 


ivy oNv |LHONVH 


“dVAI ‘Al 


9H 401108 83d 


— 453 — 


of heat taken up by a square foot of water 
heating surface, the average for these 
tests being about 36 “¢. In the « Atlan- 
tic » type boiler, the equivalent evapora- 
tion per square foot of water heating sur- 
face for which was from 8.42 Ib. to 
19.68 lb. per hour, the equivalent evapo- 
ration from the superheating surface was 
from 2.0 lb to 7.01 lb. In this case the 
ratio of equivalent evaporation in the 
boiler and superheater per square foot 
of heating surface varies from 0.237 to 
0.356, or, in other words, the superheat- 
ing surface absorbs from 23.7 to 35.6 % 
of the amount of heat absorbed by each 
square foot of water heating surface. 

The absorption of heat by the steam 
passing through the superheater elements 
is not so rapid as by the water in the 
boiler. The heat transfer across the 
superheating surface per minute of the 
« Pacific » type locomotive varied from 
28 854 to 133740 British thermal units 
per minute and across the water heating 
surfaces from 364 243 to 920 583 British 
thermal units under maximum condi- 
tions, so the total heat transferred across 
the superheating surface was only about 
14 % of the heat transferred across the 
water heating surface, although the su- 
perheater surface was nearly- 30 % as 
large as the evaporative heating surface. 
The boiler on the « Atlantic » locomotive 
transferred from 21 259 to 79 513 British 
thermal units and from 328 917 to 764 269 
British thermal units per minute for the 
superheating and evaporative heating 
surfaces respectively, so that for this 
boiler the rate of transfer across the 
superheating surface was about 10 % of 
the heat transfer across the water heat- 
ing surface, the area of the superheating 
surface being about 25 % as large as the 
evaporative heating surface. 

Figure 12 gives the equivalent hourly 
evaporation for each boiler at rates of 
firing from 40 lb. to, in the case of the 
« Atlantic » type boiler, 142 lb., and in 
the case of the « Pacific » 181 lb. of dry 
coal per hour, and also the degree of su- 


perheat obtained. The « Pacific » type 
boiler furnishes an equivalent evapora- 
tion of 64700 lb. per hour, and at the 
same time the superheat attained is 280°, 
while the smaller boiler is seen to attain 
a maximum equivalent evaporation of 
52 000 lb. per hour, the superheat at the 
same time being 230°, the curves showing 
the degrees of superheat, and, as men- 
tioned when discussing figure 4 in con- 
nection with the fire-box and smoke-box 
temperatures, indicate that it remains 
practically constant at the higher rates 
of combustion and only falls off when 
the rate of evaporation begins to decline. 
The curves of superheat temperatures 
are, of course, exactly similar to those 
shown in the preceding figure, indicating 
the equivalent evaporation or the work 
done per square foot of superheating 
surface. 


Figure 13 gives the total temperature of 
the superheated steam as delivered to the 
engines. They are similar to those in 
the preceding two figures, and are 
plotted against the rate of combustion. 
The temperature readings were taken 
from a point in the branch pipe between 
the superheater header and the steam 
chests. The degree of superheat follows 
the rate of evaporation and the large 
boiler evaporates the most water, while 
its superheater furnishes steam at a tem- 
perature which reaches a maximum of 
670°. Between .combustion rates of 90 Ib. 
and 156 lb. of dry coal per square foot of , 
grate per hour, the steam temperature is 
between 640° and 670°, during which the 
rate of evaporation is from 48500 lb. to 
64000 Ib. per hour. 


Fuel and power developed. 


Figure 14 shows the weight of steam 
delivered to the engines per hour and the 
power developed from it. The results 
for both locomotives are included in the 
plot and average lines drawn through the 
several points seem to show that the loco- 
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motives were, so far as-the steam action 
in their cylinders is concerned, equally 
efficient. The fuel rate per indicated 
horse-power is given by figure 15, in 
which the dry coal per indicated horse- 
power is shown plotted against the indi- 
cated horse-power. 


The results of the « Atlantic » type 
locomotive are somewhat widely separ- 
ated, but the curve drawn appears to give 
a fair idea of the average results. In the 
ease of the « Pacific » locomotive, the 
plotted points are more uniform in their 
position. 


From what has been shown relative to 
the boiler performance of the two loco- 
motives, and having in mind the results 
indicated by figure 14, the coal rate re- 
sults exhibited by figure 15 are as would 
be expected. The « Pacific » type loco- 
motive is the more economical of the two 
Iccomotives. Between 900 and 2/400 
indicated horse-power, the coal consump- 
tion per horse-power hour is from 2.1 Ib. 
to 2.4 Ib. At 900 indicated horse-power 
the firing rate was. 35 lb., and the water 
(equivalent evaporation) per pound of 
fuel was 12 lb., while at 2 400 indicated 
horse-power the rate of firing was 
146.7 |b., and the equivalent evaporation 
per pound of coal 8.21b. The <« Atlantic » 
lecomotive operating betweea the same 
powers consumed from 2.4 lb. to 3.3 Ib. 
of coal per horse-power hour, the firing 
rates being 39.2 lb. and 142 ib. of dry 
coal per hour, when the equivalent eva- 
porations per pound of dry coal fired 
were 11.7 lb. to 6.6 Ib. 


It will be noticed that at the higher 
rates of power output the difference be- 
tween the coal required per indicated 
horse-power increases. That for the 
« Atlantic » increases rapidly after about 
1 700 indicated horse-power, and follows 
in this respect the relative positions 
taken by the lines giving the equivalent 
evaporation per pound of fuel fired, as 
shown in figure 6. 


Conclusion. 


Certain inferences may be: drawn 
from a study of the more important ac- 
tions which go to make up the functions 
of locomotive boilers, and may form a 
fitting conclusion to the present article. 
Those suggested are summarised as fol- 
lows : 


Blast and smoke-box conditions, — 
The importance of a correct form of 
blast orifice is established. The gener- 
ally accepted circular form is not neces- 
sarily the best.. Some type which will 
fili the chimney and at the same time 
entrain in its stream the exhaust gases 
is effective, and seems to indicate that an 
irregular form, as opposed to the circular 
type, might have considerable merit. 
The combustion possible depends on the 
draught or the smoke-box vacuum, which, 
in turn, depends upon the efficiency of 
the blast. There are considerable heat 
losses, through the throwing of sparks, 
which increases with the rate of steam 
production, owing to the greater draught 
action brought about by the increased 
quantity of steam discharged by the blast 
pipe. This, again, points to the impor- 
tance of the form and size of the exhaust 
nozzle. While a study of the general 
performance characteristics shows be- 
yond question how dependent are the 
various actions upon each other, it is 
possible that some form of blast nozzle 
which could be increased in size at high 
power output might offer advantage. 


Temperatures and draught readings : 
Fire-box and smoke-box. — A _ boiler 
having a large grate area in proportion 
to the heating surface gives at all rates 
of combustion higher terminal or smoke- 
box temperatures than one having large 
heating surfaces and a comparatively 
small grate. For any boiler the temper- 
ature difference for all rates of firing is 
about the same. The gases liberated by 
the burning fuel, no matter how great 
their volume, are always reduced in tem- 


continually increasing ee 


is due to the larger volume of . gases - 
moved through the tubes. — 


Tubes and flues. eee 
area through the tubes and flues : 
given size of grele, long and shorig 


fhertioie more efficient so aa as Mere 
ration is concerned, but for a given a 
of combustion requires more draugh 


than a shorter tube. A short tube li- 
berates more heat in the terminal gases, 
but for the same draught | the rn of 
combustion is higher, and a greater 
evaporation is effected per square foot 
of heating surface. The fire burns better 
and the boiler steams more freely. ‘The 
temperature drop in the tubes is remark- 
ably rapid for approximately the first 
half of their length from the fire-box end. 
After that point, the gas temperatures 


fall more gradually until the curve of. 


temperatures becomes almost flat, indic- 
ating a slow heat transfer. The best 
length of tube for any given diameter 
al seem to be that which is long 
enough under average draught condi- 
tions to permit of a reasonable absorp- 
tion of heat. It should be of such a 


length that the curve of temperatures has 
just become flat before the gases are dis- — 


charged into the smoke-box. Fuel econ- 
omy is important, and so is free steaming, 
and the best length of tube is that which 
meets half way these conflicting condi- 


tions. The inside diameter multiplied : 
by 100 seems to give a safe rule for the ; 


length i in inches. 


- hae oration tae 


of te , aerate ae 
also the amount of he 


heatin g). 
the heat" available. 


has less evaporative enre? oie 
aueres faot of se aes cepts ‘also t the 


i 
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Coal consumption and power. — The 
coal rate for any given power is depen- 
dent on the efficiency with which the 
boiler does its work, which consists of 
evaporating water. While in the present 
article no reference of any length has 
been purposely made to engine perfor- 
mance, it is known that the addition of 
the flue tube superheater giving high 


degrees of superheat to the steam has 
improved cylinder performance almost 
beyond recognition. So much so, in 
fact, that it seems that further fuel econ- 
omies must be largely obtained by im- 
proved boiler operation, and the fire-box 
and grate seem to offer the most promis- 
ing field for investigation. 
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The 1-C-1 (2-6-2) electric locomotives of the Swiss Federal Railways, 
By E. SAVARY, 


TRACTION ENGINEER OF THE SWISS FEDERAL RAILWAYS, LAUSANNE. 


Figs. 1 to 4, p. 459. 


(Bulletin technique de la Suisse romande.) 


On the 13 December 1923, the first 
trials of electric single-phase traction 
were carried out with complete success 
on the first division of the Federal Raii- 
ways. Single-phase electric traction is 


-at present confined to the Sion-St. Mau- 


rice section (25.5 miles) and will reach 
Lausanne station this spring. 

This section it will be remembered 
forms the continuation of the Iselle-Sion 
section (47 miles) which is electrified 
with three-phase current at 3300 volts 
supplied by the hydro-electric power 
station at Massaboden, near Brigue. 

The voltage of the single-phase cur- 
rent in the overhead contact wire is 
15 000 volts at 16 2/3 periodicity. The 


Weight of locomotive in running order . 
Adhesion weight . 
Fixed wheel base . 


Tractive effort for one hour at the wheel periphery . 


Maximum tractive effort for starting . 


Horse power on one hour rating at the wheel Poieney 


Horse power on continuous rating . 


current is supplied by the Barberine 
power station. 

For working this service by single- 
phase electric current the first Division 
has at the present time a certain num- 
ber of locomotives, built by the Société 
anonyme des Ateliers de Sécheron of 
Geneva, the mechanical details of which 
were supplied by the Société suisse pour 
la construction de locomotives et de ma- 
chines of Winterthur. These locomotives 
are all Type A® 3/5 (1-C-1) for express 
trains running on the flat country with 
six driving wheels and four carrying 
wheels. The following are their. chief 
features (fig. 1): 


61.1 t. (60 English tons.) 
: 55.5 t. (54.5 English tons.) 
wo 4,200 m. (43 ft. 9 5/8 in.) 
7.5 tons at 39 miles per hour. 
43.7 tons. 
4775 H. P. at 39 miles per hour. 
1540 H. P. at 42 miles per hour. 


Nantel of motors. : 
Ratio of § “gear reduction i pie ee 


Electric brake. . . . .. RAEI se a, 


- Diameter of driving wheels . Nee Sere 
Diameter of carrying wheels Sipe se 


_ These locomotives, ‘of which the tne? 


chanical arrangements are symmetrical, | 
have an interesting 
Westinghouse system of drive, applied to 
the three driving axles. 
_ axles is driven by a pair of traction mo- 
tors coupled together with a common 
‘casing rigidly secured to the frame of 


the ecomouye above the driving Jee 
The driving couple of each of the rotors 
is transmitted through a pinion to a ~ 


toothed wheel careiod: on a hollow shaft 


‘concentric with the corresponding mo-— 


tor axle. The hollow shaft turns in 
bearings cast in one ‘piece with the 
casing of the stators and arranged 
helow the motors. Sufficient space is 
arranged between the hollow shaft and 
the driving axle that passes through it 


to allow for the vertical displacement of. 


the axles. The driving couple from the 
hollow shaft is transmitted at each end 
of the hollow shaft to the corresponding 
wheel of the driving axle by an elastic 
arrangement consisting of six strong 
helical springs. This arrangement of 
springs forms on the one hand an elastic 


coupling for the transmission of the ro-_ 
tational movement of the hollow shaft to 


the driving axle, and on the other hand 
acts as a means of absorbing the shock 
caused by vertical forces between the 
axle and the motor arising- from irre- 


gularities in the track. The elasticity of 


the coupling also acts to some extent in 


preventing slipping on starting (fig. 2). 


The advantage of this system, of inde- 
pendent drives for the driving axles is 


that it allows direct— _and continuous 


transmission of the driving!’ couple 
without the reciprocating movement 
of the intermediate — coupling rods, | 


peculiarity in the 


Each of these 


uc ion ee ne a 


(lia. 3). ; 
Another F advantage of this t 


Pak “aes 
tinue to tise 


EE Da vie screw “baie oo West 2 re 
inghouse automatic brake, ‘and the West- he: 
inghouse moderate application brake. 
Electric braking has not been fitted. ’ 

The current on the overhead contact : 
line is collected by the locomotive by 
means of two pantograph collectors ea 
‘pneumatically operated from each of inal 
the driver’s cabins. The high tension — 
current at 15 000. volts passes from the 5 
-pantographs in succession through SPCR yaa 
tion switches, a self-induction coil or 
other’ protection against excessive volt- 
_age, the maximum current relay, and the iS & 
‘main switch to its connection to one end 
of the primary winding of a step tnans-(~ ea 
former, the. oth end of which is con- er 


iSeitenspie! 2. + 83mn 


' 
1 
' 
| 
i 
1 
! 


2 + 83mm Jeulateral 


[7620-++-860-- += 2550 1. pei Sis OE 
; }.________________Totaler Radstand 9300 Empattement tota}—————_ +] : 
Totale Lange 12260 Lonqueur totale ae 
i ! 1 Y y 
13.61 {85¢ 18,5 t 18.st 12,0 t 
Fie, 4. — Diagrammatic elevation of the 1-C-{ electric locomotive. 


Translation of French terms : Empattement total = Total wheelbase. — Longueur totale = Length overall. — Jeu lateral = Side play. 


Fig. 3.- Traction motor as mounted in relation to the driving axle. 
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Fig. 4. — Battery of electro-pneumatic contactors. 


lating coils, 1 maximum current re 
reversing Suichese oe i 


Py» car ES oe by” fee ee aper radiator eo 

hee _ supplied with cold air by a: fanes ieee 

4 For heating the train, the carriages” fof? 

= - which are fitted. for electric heating, | 
ea three junction boxes are arranged aS 

; secondary winding of the transfor at 

about 600, 800 and. 1000 volts. T 

rent passes from one or the o 

these junction boxes according to the 

amount of heating required, then throug L 

one of three regulating contactors, and 

: a maximum current relay to the heating 
current couplings at one or other of the 
two ends of the locomotive, passing 

through the radiators arranged under 

the seats of the carriages. 

The heating of the driver’s cabs is fed _ aéordinm to the eae of ae stat and - 
from the 220- -volt supply for the auxili- the speed required. a 

ary machines. 


The control gear and contactors are | “13 


The maximum current relays protect interlocked so as to prevent any error 
the (circ t appara momo wbieheiey "or -manipulation and to ensure their — 
being worked ina Speed order. =3 


belong against overloads and short-ci 
- cuits by the automatic opening of the 

' main oil switch by means of an energis- 

ing current and a trip coil. é 

The no-voltage relay, arranged in one 

; of the circuits of the cut-out coil of the 

main switch, throws open this switch 

when, for any reason the voltage falls or 

: the pantographs leave the overhead line 

: momentarily. The batteries of contac-_ 
tors are operated electro-pneumatically — 

and also form one of the interesting 

features of the Sécheron locomotives. 
Each contactor consists of an air cylin- Ss 
: der of which the distributing valve is eonipiassory 
controlled electro-magnetically from the circuits for a 
: driver’s cab. These contactors, ° which _ ing. —: 
Cs are operated by means of air compressed ie che! motor-fa 
to 5.5 and 7 atmospheres, regulate res-— and the moto ts 


. : ‘ 5 9 Ab 


-gements protect the staff. against danger 
from — ehighetensions current. adel abe 


causes the ed to ms iowaned as 
soon as it is taken from its place. ‘The ie 
opening of the high- tension door also es 
- ensures automatic earthing of the high- : 
tension conductors on both ees of the 
Inain switch. 

To obtain access to the roof the staff 
_ is supplied with a folding ladder attach- 4° 
ed to the outside of one of the sides of 
the end of the locomotive body. When 
_ this ladder is opened it causes an alarm 
whistle to blow and, at the same time, 
y reducing the air pressure in the pipe 
_ supplying the pantographs causes the 
latter to be lowered. 


Anew Westinghouse air compressor for locomotives, 
; By J -NETTER. 


_ This disadvantage is particularly seri- 
ous in the case of suburban trains which 
make frequent stops, and with long RB: 
freight trains, such as those which, un- 
der a recent order of the Allied Govern- 
‘ments, were fitted with a continuous 


- 


sor sealed ae « bi- -sonuponnall >», wih 


we give a description of it, for apart 


from— railway work, it appears: to be- 
adaptable to numerous uses. Fitted to a 


steam shovel, for example, it allows the 
economical compression of air for sup- 
plying various pneumatic tools, either 


for breaking up pieces which are too — 
large, or those which are too heavy to be. 


lifted in the shovel, or again, for. drilling 
charging holes for blasting operations. 


The new pump (figs. 1 to 3) is « com- 
pound » both for air and steam, that is 
to say, the compressing of the air is 
carried out in two stages, as in the « Fi- 
ves-Lille » pump. With | regard to the 
steam, after it has been used in a eylin- 
der of small diameter, it is admitted to a 
large diameter cylinder, where it is again 
uséd before being exhausted to the at- 
mosphere; its heat energy is therefore 


employed to the greatest. extent, thus 


effecting great economy. 


Comparative trials have shown that, 
for the same degree of compensation, the 
« bi-compound » pump shows a saving of 
40 % of steam in comparison with “the 
pumps at present in service, that is, tak- 


ing coal at its present price, an annual 


saving of about 1500 fr. per locomotive. 
It is generally admitted that a two stage 
pump consumes 25 kgr. of coal per hour, 
that is on an average 100 kgr. per day, 
whilst 100 kgr. of coal produces 700 kgr. 
of steam, this being the daily consump- 


tion for a two stage pump. With a> 
« bi-compound » pump consuming only 


700 x — = 420 kgr. of steam per day, 


‘a daily saving of 280 kgr. is made; this’ 
gives for 365 days a saving of 102 200 kgr. 


_ @) See, in this connection, the Génie Civil of the 
27 January 1923 (t. LXXXII, No. 4, p. 86). 


appears to us to be of such interest that 


Fig. 4... 05 Sek Saas 

New Westinghouse air copspbessore | 
DESCRIPTION OF THE MECHANISM, — = The 
pump consists (figs. 2 and 3) of two steam 
cylinders A and B, two air cylinders C 


and D, and a steam distributor E. In 


order to make the method of working as 


clear as possible, the pipes and orifices _ 
with- — 


have been shown diagrammatically 
out adhering to the actual method of 
construction, and the distributor E has 
been shown in a plane at —— Sth to 


its actual position. , ¢ 
The steam cylinders are eee wbave 
the air cylinders from which they are — 


separated by an extension piece cast on 


to the steam cylinder, and which allows | 


as 
= 


‘ 


= 
a aE 


‘ 


ae 


x 
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i 


rr 


aby 
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of the adjustment of the glands. The 
high pressure steam cylinder A is mount- 
ed above the low pressure air cylinder C, 
so that the low pressure steam cylinder B 
is above the high pressure air cylinder D. 


fling 
“a V4 


The latter, in order to improve the cycle 
of compression, is cooled by the circula- 
tion of part of the exhaust steam through 
a jacket S cast interequally with the cyl- 
inder. 


PSP 
* 
H 
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Figs. 2 and 3. — Sectional view of « bi-compound » Westinghouse air pump showing the pistons 
in their extreme positions. 


The main valve. — The mechanism 
for distributing the steam consists essen- 
tially of a special differential piston 
valve p,-p, forming a slide valve for dis- 
tributing the steam, controlled by a re- 
versing rod ¢ and a reversing valve ¢.. 
The control is operated by the piston p 


of the cylinder A each time it reaches 
the end of its stroke. It is thus given 
an alternating movement which it trans- 
fers to the differential piston valve be- 
cause, dependent upon the position of 
the reversing valve, one of the faces of 
the differential piston valve is submitted 


MMMM. 2 


Seen 2, buting ee ey commu 
ee between the various s steam: ea 


ie} ‘The penile of the distriby ut 
tae is as follows : j 


« « The ee P, in completing 1 its. 


- Lam then travels rowan the port in 
vy the chamber b and forces the differen- 
$ tial piston P,P to the left (fig. 234.5 Ina 
the same way, on reaching the bottom of. 
z its stroke, the piston p draws down the — 
reversing rod and the reversing valve, 
‘thus connecting the chamber b with the 
steam exhaust through the port ¢ of 
slide valve and the pipe d. The diff 
ential piston valve is then brought over 
to the right, occupying the position ; 
shown in figure 3. 
« The result is that the two internal | 
faces e and f of the differential piston 
valve are continually under the pressure | : 
of the admission steam; the face g of the is forced out through x an 
piston p, is always in contact with the valve y. ki | 
a exhaust steam through the port h, and In the second phase a ie! op ration” 
when the face b of the piston p, is under (fig. 3), the action is analogous with th 
the pressure of the exhaust, the differ- given above. EW Des: nner the ‘pi 
ential piston valve is moved to the right Pt 
because of the-difference in the areas of 
pistons p, and p,. a 
« The intermediate pistons p,, P,, P, 
are always balanced and do- not exert 
any pressure in either direction. > 


: same aime nee 
Spee, ani 


OPERATION. ‘This can easily be fol- 
lowed by referring to figures 2 and ee 
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Typical layouts for storage and distribution of fuel oil, 
including fuel oil stations between terminals. 


Report of the Committee on Shops and Locomotive Terminals appointed 
by the American Railway Engineering Association. 


(Bulletin of the American Railway Engineering Association.) 


General. 


The use of oil as fuel for locomotives 
is a development of the past twenty-five 
years, and has been widely extended 
since the war, as a result of the steadily 
rising cost of coal, coupled with largely 
increased production of residuum fuel 
oil as a by-product of the petroleum in- 
dustry. Various elements in addition 
to the purchase cost per thermal unit 
enter into any consideration of the rela- 
tive economy of oil and coal. Such are 
the saving in transportation cost due to 
the fact that the fuel value of oil per 
pound is about fifty per cent greater than 
that of bituminous coal; the reduction of 
waste and loss in handling and storing; 
the elimination of the soot and cinder 
nuisance and of damage due to spark-set 
fires; the possible increase in the length 
of engine runs and reduction in the num- 
ber of stops required for receiving fuel 
and cleaning fires; and, on the other 
hand, increased cost of locomotive fire- 
box and boiler maintenance due to the 
higher temperature of oil fires, and in- 
creased investment in facilities for hand- 
ling and storing fuel. 

A tabulation of replies from fourteen 
oil-using roads to a questionnaire cover- 
ing general features of design of facilities 
for handling, storage and delivery of fuel 
oil is appended as information, as are a 
number of representative layout and de- 


vI—4 


tail plans of such facilities. Notwith- 
standing the comparatively recent deve- 
lopment of the problem, and the varied 
conditions under which it has been 
worked out on the different roads, it is 
felt that these replies indicate sufficient 
agreement to permit formulating as re- 
commended practice the general princi- 
ples governing the design of such faci- 
lities. 

There is a wide variation in the cha- 
racter of fuel oils, but the temperature 
at which the oil may be handled success- 
fully and the extent of heating required 
to maintain that temperature are the 
main factors effecting variations in detail 
of design. The heavy Mexican crude or 
« topped » oil, with asphalt base and 
gravity as low as 10 to 12° on the Baume 
scale, is largely used by roads having 
access to gulf ports. This oil, when cold, 
is so thick and viscous as not to flow, and 
must be heated to temperature of 100 to 
140° Fahr. to permit satisfactory hand- 
ling. The lighter residuum fuel oil from 
the mid-continent fields, on the other 
hand, with paraffin base and gravity 
between 25 and 28° Baume, flows 
like water at ordinary temperature and 
requires heating only during extreme 
cold. 

Oil is commonly delivered in tank cars 
for distribution to the various engine ter- 
minals. The Mexican oil is transported 
by tank steamers from Mexican ports to 


companies either direct to tank 
companies either direct to tank c: 
to conveniently located storage 

The facilities required by the railroa 
include provision for unloading the | 
from the tank cars, for holding it in st 
age, and for delivering it to locomo 
tenders, together with the mnecessar 
pumps and. connecting pipe lines - 
transferring the oil between such faci- 


lities. ty 4 iy a 


Unloading and penine 


car inanae the peut Dati pned ane 


valves, in the bottom of the car. A pipe 


with swing joints or flexible hose may be — 
connected to the outlet and oil delivered” 


direct from the car to pump suction. 
This method is cumbersome and awk- 
ward to handle, and, in the frequent case 
where there is some defect in the valve, 
likely to result in loss of oil. A more 
satisfactory method, where considerable 


quantities of oil are to be handled, has 


been found to be to discharge freely into 
a box or trough placed between and 
below the level of the rails of the track 
on which the cars stand for unloading. 


A continuous steel trough, long enough 
to accommodate the number of cars to 


be unloaded at one time, and of varying ~ 
dimensions to provide for flow to a cen- 
tral discharge pipe, 
results. An alternative plan, reported in 


_ successful use by several roads, substi- | 
tutes for the continuous through concrete 


or steel boxes about 8 feet long spaced 
at car length intervals and each provided 
with discharge pipe. Either trough or 
boxes may. be equipped with metal 
covers, closed when not in use, and serv- 
ing as windbreak to protect the discharg- 


; Een une is necessary, 


gives satisfactory 


For the lighter and more ‘fluid ‘og. 
pypich . reams uate or no heating, ondi- 


to ihe cioreradeals may tage ‘ae rable. a 
pump designed for higher pressure and | 
with special valves to ‘provide | free and 
unrestricted opening. When it becomes — “— 
necessary to handle oil at high temry at 
ture, the use of metal valves and met al 
packing is” common. 


of sizes” ‘and design a 
manufacturers. for 
are in. poabatie use 


‘ ales 
r %. ‘The size 
r large: storage a 
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has a capacity of 55 600 barrels, and is 
about 115 feet in diameter by 30 feet in 
height. While some roads are using and 
others recommend all steel roofs for these 
storage tanks, the more general practice 
calls for wooden frame and sheathing, 
covered by light metal sheets, tar and 
gravel, or composition roofing. 

As precaution against fire, storage 
tanks should be located as far from any 
other structures as can conveniently be 
arranged, ‘consistent with economical 
handling and delivery of the oil. It is 
customary to surround each tank with 
an earthen dike or « fire wall » to retain 
the oil in case of fire or bursting of the 
tank. These fire walls enclose a volume 
from 20 to 50 % ‘greater than the capa- 
city of the tanks. Local regulations and 
fire underwriters’ requirements should 
be considered in locating such facilities. 
Only two roads report the use of any 
protection against lightning. 

‘The oil companies, which store large 
quantities of expensive oil, frequently 
install elaborate chemical fire fighting 
systems. None of the roads report the 
use of such installations, but most of them 
pipe steam to the top of the tank, with a 
view to smothering fires in the tank by 
discharging live steam over the surface 
of the oil. ; 

To prevent dangerous accumulation of 
gases, it is customary to provide capped 
openings for ventilation in the roof, 
although some roads report that where 
wood roofs are used the unavoidable 
openings around the edges of such roofs 
provide ample ventilation. In general, 
it appears that the least ventilation and 
free movement of air over the surface of 
the oi] consistent with safety is most de- 
sirable from the standpoint of losses: due 
to evaporation. The following conclu- 
sions with reference to loss of oil by 
evaporation are quoted from a bulletin of 
the Bureau of Mines (Bulletin 200, De- 
partment of Interior, Bureau of Mines. 
Evaporation loss of petroleum in the mid- 
continent field, by J. H. Wiggins). 
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While discussing primarily the losses 
from crude oil, the principles apply to 
evaporation loss for any fuel oil : 


« 1° Evaporation during storage and 
handling causes one of the largest losses 
of crude petroleum between the well and 
the refinery; 

« 2° From two-thirds to four-fifths of 
the evaporation loss may be eliminated 
by protecting oil from free contact with 
air. This protection will pay for itself 
in a short time; 

« 3° The percentage of the original 
value lost by evaporation is two or three 
times the percentage of the original vol- 
ume lost, because the fraction that 
escapes from the crude oil is the best 
gasoline and its value per unit of volume 
is two or three times that of the crude; 

« 4° The maximum prevention of eva- 
poration involves keeping the mixture of 
air and vapor above the oil at rest and 
as near a constant temperature, whether 
high or low, as possible. For example, 
if the mixture of air and vapor above the 
oil does not move, very little more eva- 
poration will take place at 115° Fahr. 
than at 32° Fahr., because the mixture 
will soon become saturated and then 
evaporation will cease; 

« 8° Overshot connections should ne- 
ver be used for filling a tank; 

« 9° Even in winter, when atmospheric 
temperatures are low, oil in exposed lease 
tanks will lose more than one-half what 
it would lose during similar storage in 
summer; 

« 10° Oil at the surface of 55 000-bar- 
rel tanks, where evaporation takes place, 
is subjected during a part of the day to 
temperatures much higher than the 
average temperature of all the oil in 
the tank. In summer these surface tem- 
peratures rise above 100° Fahr.  Evi- 
dently in such storage the loss by evapo- 
ration must be large. » 


Wide variations appear in the amount 
of storage considered necessary. Some 


tit consumpti whi 
mend from st to ‘six mon 


moniths* regulereute witht a view ; to 


“a> market conditions. When central stor- 
eat a _age is provided from which oil is distri- 
buted in carloads to other terminals, it 
may be desirable to install loading 1 racks, 
with movable pipe connections, “spaced 
’ at car length intervals, for filling cars 


elevated tanks. 
Delivery. 
ae Most of the roads prefer to deliver oil to 


the locomotives by gravity from an ele- 
vated tank. Several report using also 


direct pump or air pressure at small sta- 
tions, or where local fire restrictions do ; 


not ‘permit the use of elevated tanks, 


One only reports a preference for the use 


of pumps direct over the gravity systeay 
of delivery. 

Various types and sizes of tank are in 
use for gravity delivery. Dismantled 
car tanks or similar horizontal steel cy- 
linders mounted on steel or timber frame 
are in common use. In other cases, 
storage and delivery is combined in steel 
tanks of tower or standpipe type, with 
capacities of -100 000 or 150000 gallons. 
The use of wooden tanks as containers 


for oil is generally considered not satis- 


factory. 

The necessity for eliminating drip and 
wastage of oil makes the use of the ordi- 
nary water column for delivery to loco- 
motives undesirable. The problem is to 
combine greatest possible flexibility of 
movement with oil-tight connections 
throughout and prevention of drip. Sev- 


eral types of columns are now manufac- 


tured for the purpose and are reported 
in oe Service tive the sme 
r: roads. . 


taking all possible advantage of varying 


by 
pumping from i or. direct ible « 


tanks it is usual to. enclose the coils in a 


being pumped and avoid dissipation — 
throughout the tank. 


to permit successful handling varies 


ances esbinea'® are. song either 
buried in the ground or enclosed — nae 
wooden or nee box. + 3h). Sg 


be > A 1), ae ait" 


| ‘Heating uae 


% 

srreatitlee where erased ‘is is by ‘ee : 
in all cases reported. Steam pipe coils 
are used in tanks. In the large storage 4 
wooden box located at the outlet, to get 
maximum benefit of the heat in the oil 


When properly 
heated in tanks, several roads find it un- 
necessary to heat the oil pipe lines. The — 
majority, however, provide for such heat, 
and practice reported and recommended _ 
is about equally divided between heating 
by a ‘small steam line inside the large oil 
line and enclosing the steam line along-. 
side the oil line in a box or conduit. The 
temperature to which oil must be heated we 
widely with the character of the oil and 
the climate, and the extent of provision 
required for heating varies accordingly. __ 
Two roads report successful use of 
thermostatic control for portions of their as, 
heating systems. ‘The majority, how-— : 
ever, have not used and do not. recom- | : 
mend such installations, preferring to 
depend upon regulating valves operated 

by the man in charge of the ‘Station. res 


te or. ‘boxes raees 
) pipe line 
sump Gar which it may be 

a 1 to storage or delivery tank. 
i) ch pipe line should be of sufficient 


e and be. a with aasetheion Srawent 


ies satel DP ioien 5 of cars ehiele will 
pened at any time. This should not 
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- Storage pet 


Aystcuiaye capacity ReeanGE 

ld be corse depends largely 

lity poe ‘source bee oS 
ee: 


; located point. 


‘used, or eee cated: atone op ete a 


hi — Cylindrical steel tanke of 55 000 
and 80000 barrels capacity, erected on 


leveled earth foundations, provide con- 


venient and economical storage, and can 
commonly be secured promptly and at 


less cost on account of being standard 


construction with tank maniifacturers, 
Each tank should be surrounded by an 
earth dike, enclosing below the eleva- 


tion of top of dike a volume equal to one . 
and one-half times the capacity of the 


tank. Roofs should be provided of steel 
or of wooden frame and sheathing, cov- 


ered with asbestos, composition, tar and 


gravel, or sheet metal roofing. 

8. — Adequate means should be pro- 
vided for the escape of gases thrown off 
from the surface of the oil. Thé cha- 
racter and extent of such provision re- 
quired will depend on the tightness of 
the roof and the character of the oil. It 
should be designed to reduce circulation 
of air over the surface of the oil to a mi- 
nimum consistent with prevention of 
building up of pressure due to the accu- 
mulation of gases. 

9, -— Provision should be made. for 
draining off water and refuse which may 
settle in the bottom of tanks. 


Delivery 


10. — Oil may be delivered to locomo- 
tive tenders by gravity from elevated 
steel tanks or under direct pump pres- 
sure. In general, the former method is 
niore convenient and economical. 

11. — The size of delivery tank re- 
quired varies with local conditions as to 
receipt and handling of oil, but the capa- 


city should, in general, be not less thar 


“13. — Bi syinarees Solan should be 
constructed that spout can be swung 
position and valve opened from the 
motive tender to be served. 
should have maximum freedom of m 
- ment in both horizontal and vertical dis, _ ef 
rections, consistent with prevention. of di 
leakage. — They should be provided with 
drip bucket, reversible end elbow, or 
cther means to prevent drip. 
_ 14. — Means should be provided for. 
measuring accurately deliveries of oil. in pipe lin 
Meters in delivery pipe lines or gauges on geous and ma 
engine tenders serve satisfactorily to duction eee 


tliat end. SR eet, the oil lin 
15. — Some wastage of oil around an | ngs 
engine terminal is inevitable and provi- oil Tine. d sit 


sion which will reduce such wastage to 
a minimum is an important item in de- 
sign of facilities for handling oil. If all 
unnecessary waste and leakage is elimin- 
ated the cost of recovery of waste oil is 
generally in excess of the value of the oil. 

In cases where such waste is excessive or 
becomes a nuisance, however, and causes a 
damage to neighboring property, it beco-. figani lines pal so (etalon Pai A fea E 
mes necessary to provide traps in necessary for heating the pipe line. 
drainage channels or sewers, equipped Steam for tank coils and other pane 
with baffles, to cach the waste oil, sepa- may better be carried outside the oil 
rate it from water, and permit. its re- lines. 
covery by dipping or pumping back to 2 Bebe PRs eels 
the sump. Such Bone gs are - being Smalt AtaBOHas 
used successfully, | Soiteai oth 


“ 


portion to the results obtained sh 4 
19. 


Heating. oe 


N. — Where. heavy oil is used or 
where cold temperatures are experienc- 
ed, it is necessary to provide means for 
heating oil in cars, tanks and pipe lines, 
in order that it may flow freely. Such 
heat is best provided by steam pipes. 

_ 17. — Pipe coils in tank cars, which 
can be _peadily connected by flexible pressure. Se ae 


to he -prublent _ In some 
used direct from th cars 


Sa Dow 


ew York Central, with the ap- 


x ae he Canadian National Railways 
and with the approval of the New York 


State Public Service Commission, has 
arrani d for the installation of automat- 
vilroad grade crossing ‘signals at 
ant iSt. Lawrence County,. Nas, 
where the New York Central’s line to 
Ottawa, Ont., crosses the Canadian Na- 
tional | (the Massena branch of the Grand 
Trunk). 

The Pennsylvania has agreed with the 
New York Central for the substitution, as 
soon as plans have been prepared, of 
similar crossing signals for the mechan- 
ical interlocking now in use at the cross- 
ing of the two roads at Madera, Pa. .Ma- 
dera is in the wilds of the coal regions, 
20 miles north of Altoona. 

In view of the greater reliability of 
colored light ‘signals. as compared with 
motor- operated semaphores, and _ the 
elimination of moving parts which may 
cause false clear indications, the New 


York Central has decided that for future _ ‘ 


installations of automatic railroad grade 
crossing signals colored light signals 
shall be used. This type of signal is, 
therefore, to be put in at Helena. It is 
_ the Hall single-light signal, with movable 
roundels, described in the Railway Age, 
14 January 1922, page 186. The appear- 
ance of a sirgle signal is illustrated here- 
with, figure 1. (At Helena, double si- 
gnals are used, as indicated in the draw- 
ing). 

As light signals lack the conyenient 
circuit controllers of the semaphore ap- 


phores are used. 
‘flexible and as reliable as that obtained 


This plant is here described. 


gnets of the signal’ 


paratus, the circuits for Helena are mate- 
rially different from those, where sema- 
The control is as 


Fig. 4. — Hall « Searchlight » signal. 


with the semaphore and there will be 
more efficient working. With light si- 
gnals, the only moving parts will be 
those of the relays and the electro ma- 
mechanisms; and 
with current supplied from 1 000-am- 


pere-hour primary batteries, the arran- 
gement should be safe, reliable, efficient 
and economical; and easy to maintain. 
A typical plan of the arrangement of 
signals to be installed at Helena is shown 
in figure 2, for which we are indebted 
to W. H. Elliott, signal engineer of the 
New York Central. As a complete cir- 
cuit plan is somewhat difficult to follow, 
this is a partial plan, designated to show 
the typical and principal controls to be 
provided. It is to be noted that signals 
of two lights (home signals) are provid- 
ed to govern movements over the cross- 
ing (signals 1, 2, 3, 4) and each home 
signal has an approach signal. The ap- 
proach signals (651, 636, 5, 6) are three- 
indirection. The home signal has but 
two indications, displaying green or red 
above and yellow or red below. Marker 
lights (red) for the approach signals, al- 
though shown on the plan, wiil not be 
used on the Canadian National signais. 
As noted, this is not a complete plan; 
and the tracks are not drawn to scale. 
The circuits are arranged to permit 
the first train coming on to an approach 
lighting or preliminary clearing circuit, 
to proceed over the crossing under clear 
signals; and by its presence to arrange 
the circuits for the other road so thai the 
signals on that road will indicate (pro- 
vided a train approaching on that road 
has entered the approach lighting cir- 
cuit, making it possible to energize the 
signal lamps) : at the distant signal, cau- 
tion — approach next signal prepared 
to stop — and at the home signal, stop. 
When no train is approaching the 
crossing, all lights are de-energized — 
dead. Even with a locomotive or a cat 
standing on the crossing, and by its pres- 
ence there making the electrical contacts 
at the signals of the other road necessary 
to protect itself from trains on that road, 
the signals of the other road do not light 
up until an approaching train needs them, 
Should two trains on the same road 
approach the crossing running from op- 
posite directions, the first train to run on 


an approach lighting circuit will cause 
clear signals to be displayed for itself — 
green by the upper light on the approach 
signal and green by the upper light on the 
home signal. Then, when the train movy- 
ing in the oposite direction runs on the 
approach lighting circuit on its side of 
the crossing, it will cause signals to be 
displayed for itself as follows: in the 
approach signal a yellow over a red light, 
and in the home signal a red over a yei- 
low light; and the signals for the other 
train — the one which approached first — 
will also be made to display these same 
indications. Thus each train, as soon as 
two are approaching together, from op- 
posite directions, sets a caution (slow- 
speed) signal against the other one. 
These indications having been displayed, 
switching movements may be made in 
either direction, on that one line, over 
the crossing, without flagging. 

If any of the track circuits of one road 
are occupied by a train, the signals of 
the transverse road will be made to dis- 
play proper indications to cause a train 
on that road to stop at the crossing; and 
the train cannot get a signal to proceed 
until the train on the road first occupied 
has gone over the crossing and its rear 
end has cleared the crossing track cir- 
cuit. On the rear end so clearing, the 
home signal of the other road will at 
once indicate « Proceed, » to permit the 
other train to proceed over the crossing. 
As long as the crossing track circuit 
(which is only about 150 feet long), or 
the track circuit for an approach to the 
crossing, is occupied by a train, the route 
is held for that train. The train gives 
up the route only when its rear end has 
passed over the crossing and it is clear of 
the crossing track circuit. 

The circuit have been arranged to pro- 
vide direct control by relay for each sig- 
nal indication, except where it is neces- 
sary that control be had’ through the 
contacts of the signal relay mechanism. 
The mechanism contacts are operated by 
a cam on the armature shaft, according 
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knife Switen. loouted conteteatte at the 
crossing. In accordance with a card of — 


instructions this knife switch can be | 


used, in case of signal failure, by the 
conductor of any train which cannot get 


a proceed signal, to set signals on t ie pi 


other road at stop, so as to permit hi 
own train to proceed over the crossing. 
Relay AX is of the stick type, the pick- 


up of which is controlled through the |: 


front contact of track relays « D », « E>, 

« B» and « C » and through odninets on 
signals 1A, 1B, 2A and 2B, made Seals 
when the signal displays a red indication, 
The control through track circuits « D », 
Be Seal oe a al cae and « C.> is shunted out 
through a back contact on track circuit — 
« A». The purpose of this relay is to 
_ hold the crossing signals on the Canadian ~ 
National in the stop position, when a train — 
is approaching the crossing in either di- 
rection on the New York Central, and the 
N. Y. C. signal displays an indication te 
proceed over crossing. 

DEE relay is of the stick type, normally 
de-energized. The pick-up is controlled 
thro ugh the back contact of the D-E~ 
relay, “through front contact of B-C reiay, — 
through circuit controller on signals 1A 
and 1B in multiple, made only when si- 
gnals display green or yellow. The cir- 
cuit holding the relay energized is con-— 
trolled through front contact of D-E relay, 
back contact of B-C relay and through 
switch circuit controllers on switches © 
«SS», «R», « Q » and « P » The control 
throug gh relays D-E and B-C is shunted 
out through: a back contact on the track 
relay for Section A. The control provid- 
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, having een fiona thie sta- 

al A2, by means of the knife 

S d at stop (red) until the 

aches the next Station 

c a are to be of the Hall gauze 

type with batteries of 1 000. am- 

10ur caustic soda ‘type. Signals 

pay are to be of the three-position Hall color- 
Betis type, having armature resistance of 
250 ohms and 500-ohm field coils. 

lt a signal Eanes a. movement over 


7 go. oa dee crossing Soci wee asdeiina tae 
ek that no trains are approaching, unlock a 
box and open the two-way single-throw 

knife igeitclae which cuts: the ee off 


+9 sa ich the: tr ain may be mabye over the 
ae om ‘eae to 
din such a case, is worded as 
follows : oe 


oh r 
be closed and box locked. 


ng” sig tee on ~ hes airs tien 


«cA signal ‘indicating stop may "pe" 


1 trates: crossing switeh nang 


‘The same process may be followed in 
case a train on the other. road, having the 
right to the crossing, is standing at the 
- home signal, and is willing to relinquish 
its right. ; 


As it is desirable that the track cir-. 


cuits of the crossing be as reliable in 
their working as it is practicable to make 
them,-the home signals are placed as close 
to the fouling point at the crossing as the 


‘local conditions as to rail joints, switches, 


platforms, etc., will permit, 50 feet being 
prescribed as the minimum distance. 
With the signals so located and derails 
not being used, the crossing track circuits 
are of a minimum length; and with relays 


at each end of each circuit there is small 


chance that the relays will fail to operate 


to cause the home signals to indicate stop 


whenever the crossing is occupied. 

As the approach signals are located 
braking distance from “the home signals 
for the maximum speeds authorized on 
these divisions, trains receiving proper 
signal indications wil] not be required to 
reduce speed below that prescribed for 
a crossing protected by interlocking 
signals. From an operating standpoint 
the arrangement is as efficient for 
through movements as ary other system 
of signals; and where switching move- 


ments are to be made, within the track 


circuit limits, it provides block signal 
protection with a promptness in the dis- 
play of signal indications that may be 
had only from apparatus that is automatic 
in operation. 

For the benefit of the reader who is 
not familiar with automatic signals it 
may be explained that when a train or 
any part of it is moving or standing on 


coe U 
Sher? trains to ] 
track are. autom 


meet figdaeds so that ney are se n 
the engineman in daylight as well a 

night; and in this case the circui i 
trolling them are extended to a po kite 
about a mile back of the approach signal 
and there controlled by a track relay s 
that the lamps are never lighted except | 


when a train. comes on to the rails of we 1/16 i ne 


[ 636 25 (04 (42) | ee 


The railway signal and telegraph pro- 
fession has a very good record behind it, 
and, although it has recently been stated in “this country, bath only. its past and Ej :, 
that there is little opening in Great Bri- present services, ip its” us sae ve re 
tain for mechanical signalling engineer- gran ee of re: de 
ing, I venture to predict an increased and 
useful future, not only for mechanical 
signalling, but for signalling and _ tele- 
graph engineering in this country, and 
it will be the pleasurable duty of this 
Institution to use its efforts to that end. 

The profession is by no means as young 
as is believed by those outside of it. Its 
Sopot and pein sr dee not, in — 


omy ts Kiba! of rics Presidential ‘Address de vered at the Institution of 
43 February 1924. 
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the good work of English railway signal- 
ling, 

I will take the telegraph part of our 
work first. It is a fact that the first tele- 
graph engineers (I include in this, con- 
tractors as well as railway telegraph en- 
gineers) were railway telegraph engin- 
eers. In 1840 to 1845, many wires were 
being run along railways. This was long 
before there was any idea of the Post 
Office telegraph engineer, who came 
along with the Telegraph Act of 1868. 
Railway telegraph engineers were pio- 
neers in this branch. When the Post 
Office took over the monopoly of the 
telegraphs, the profession split into rail- 
way and Post Office engineers. ‘The 
railway engineers progressed along the 
line of block, lock and block, tablet, elec- 
tric staff, railway telegraph and tele- 
phones. The Post Office engineers kept 
more nearly to telegraph and telephone 
work, and mighty strides they have made, 
but it must not be forgotten that their 
base was the railway telegraph engineer, 
and the old electric telegraph companies’ 
engineers before 1868. None the less 
progress has been made by the railway 


telegraph engineers in the branch of the 


work they took up. The installation of 
block signalling generally on sound prin- 
ciples on the 25 000 miles’ of railway in 
Great Britain and Ireland is a creditable 
achievement, Then the development 
of lock and block, or the interlocking of 
the mechanical with the electric block 
signalling of various types, track circuits, 
and various other systems of safety ap- 
pliances electric fouling bars, train des- 
cribers, and later, power signalling. 
The telegraph system most suitable for 
railway working and the various tele- 
phones that have been introduced on rail- 
ways show that they have not been pio- 
neers only in early days, but they have 
been pioneers all along. They have been 
the first to try out and introduce differ- 
ent devices to see if they are suitable for 
successful and safe railway working. 

It is of interest to remember that 


Mr. W. Langdon, a railway telegraph en- 
gineer, tried an automatic warning to the 
drivers passing a signal at danger at Gun- 
nersbury on the London & South Western 
Railway about 1868, and that it was he 
who first propounded a practical scheme 
for electric traction on railways to the 
Institute of Electrical Engineers, the 
principles of which are in use on a large 
proportion of the electric railways in 
this country to-day. He proposed 500 
volts on the trains, but high voltage trans- 
mission. 

The railway telegraph engineers were 
amongst the first members of the Insti- 
tute of Electrical Engineers which cater- 
ed for them very well in the early days, 
but railway telegraphs have become so 
specialised, and they (Institute of Elec- 
trical Engineers) -are so taken up with 
heavy electrical engineering that there 
has been of late very little attention 
given to railway electric telegraph sub- 
jects — hence one of the needs for this 
Institution. 

Signalling is nearly as old as railways 
in one way or another. The first signal 
I can find tidings of was on the Liver- 
pool and Manchester Railway in 1834. 
Sir John Wolfe Barry said that the types 
of fixed signals originally used on the 
various railways in England differed ac- 
cording to each engineer. The introduc- 
tion of the semaphore arm by Mr. C. H. 
Gregory altered this for daylight signals, 
and it was very soon universally in use, 
At night time red for danger and green 
for clear have been in use from early 
times. 

There is a very large field and scope 
for our Institution, and its influence will 
grow as time goes on, if it applies itself 
to the problems of the day, but this means 
a real effort on the part of every member, 
for although we wish to benefit the whole 
of the profession our real duty is to look 
after the interests of the railway compa- 
nies’ work. We may not be able to en- 
force our recommendations, but the many 
questions that arise, and the problems 


ot 


_of signals and telegraphs. 
pared the accompanying table for the 


standard Sion a drawings for 
a very large number of articles, appara- 


tus, etc., in use in signalling practice. — 
_ It will be seen, from a national or impe- 
rial point of view, that this is of. great | 
importance to the manufacturers of sig-  ( 
nalling materials in this country, and 
secondary to the railway companies also, 


as the price of apparatus depends largely 


upon the quantity of materials made in a_ 
given time. There should be no reason. 
why the Institution should not get out 


specifications, etc., or ‘combine each the 


British Engineering Standardisation AS- 


sociation to bring about: standardisation 
in regard to materials in which they are 
specially interested. 

It is difficult to show in aocaan money 


the value of the signal and telegraph en- 


gineer’s work, because the accidents 


prevented by the signalling appliances 


cannot be calculated saat’ any degree of 


accuracy. The valye of keeping trains | 


in motion, or the value of a telephone cir- 
cuit in the additional facilities, both for 


commercial and operating purposes, the. 


value of the time saved through the sig- 
nalmen’s use of the telephone for con- 
trolling traffic, is very high, but it cannot 
be saleulateds The signalmen could not 
deal with the traffic of to-day without 


the telephone. It would be difficult to 


say in exact figures the value of the 
signals in the safe movements of traffic. 

"The yearly financial statements of the 
various companies show what amounts 
have been expended on the maintenance 
I have pre- 


year 1922 — the last of the old com- 
panies. 


The modern work of ae signal engin- . 
_ eer is to keep the traffic moving at the 


= ahecess: ry 
alo tions with t 


to be the expectation of favours to come, — 


communication between stations and, if 


much more ap. 
many of the C 
eae : aa 


AA. \ ee reap a correspondingly : 
efficiency from it. 

Generally speakir 
seconds or even m inut 
of the traffic is not 


count. : Ai 
Now as to the Mitre wees ey ae 


What advantages can the signalling p O- 
fession offer to railways in Great Britain ; 
to assist in the economical working Of a 
traffic? ug cael ; = 

: 


1° The railway signal and telegraph 
engineer has an excellent opportunity toe 
so manipulate the telegraph wires on any 
system by well- known means of super- 
imposing and other means of a like cha- 
racter, so as to give improved telephone ‘ ; 


necessary, telegraph at the same time aS es 
well. Automatic telephone system can a 
be arranged to give an automatic calli ig \ os 
system to cover a number of offices and 4 


stations in a local, but very wide ‘area, Se 
which dispenses to a large extent with ir 
operators, but to make it pay it must be 
properly arranged and for isc ee 
sive operation; ; 

2° Working several existing block sec- ' 
tions from one “signal- -box 
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amar ieee te as & 
ne Automatic hice. "a eu prov 
traclecirenited sections with illuminated | 
f indicator diagrams in signal-boxes to act 
ro. as block indicators, and electric locks, — 
controlled by the point detectors and 
track circuits. pont oe the operation 
: of the levers; aa 
é : 9° Electrical interlocking instead of 
mechanical locking. Electrical inter-_ 
locking can be made quite as safe as m 
chanical. The conditions in a frame in 
a signal-box renders it as safe as locking © 
ties and dogs. It is very much lighter * delay to tra 
for Siecle to work and can be con-— It is all one Giies anaes Ras 
structed at less cost; a i factors cannot_ C28 uot i be ‘dealt - 
10° Increase the capacity of the rail-. with separately _ ho 2 
way lines. This can be done in many acquainted with c 
ways known to the signal engineer. For factors. — 
instance, a) by the provision of interme- _If a signal engineer is asked to g t out 
diate advanced starters. b) By properly a scheme for Senallng a station o 
spacing signals. c) By re-arrangements — r i -onstrur 
“of the ‘lengths of block sections. d) By — naintenanc 
improved systems of signalling. - The. ee told he 
present two- -position semaphore i is practi- of traffic that 
cally. universal in this country, but there ating class the sign "iA 
are 33 different shaped arms in use, and viously he is ¢ 
the positions of the arms representing the not in ap 
_ various functions are not uniform in this nomical scheme b 
- country. e) The provision of three-posi-_ first cost before } 
' tion signalling. f) The. provision of operating — and 
speed signalling. — 9) The introduction of. before him 


traffic 
and Be 


before him, not | 
eg ee maintenat 


"This, is ecestortiten in 
i al pire at least, a signal engin- 


traffic at a station or length of line, he 
able to- decide whether, under the cir- 


to provide. manual operation by signal- 
men, or semi- -automatic, manual by 
_shunters, or automatic signalling. He 
will be able to decide the most efficient 
and economical working of sidings. 

_ In dealing with a lay-out at a ‘station 
where the traffic is dense, time of oper- 
t ation is of importance. It may be 
. thought that because, in mechanical sig- 
_nalling, directly you pull the lever the 
points act, that this is as quick as it is 
possible to be, but this is not so in prac- 
tice. It takes longer to pull a lever than 
it does a switch or press a plunger. 
Then sometimes two or three lever move- 
ments are required whereas, in power 
signalling, the various functions can be 
operated by one lever. Whether the cost 
of the time saved justifies any additional 
he: "id ae Set in increasing fie expenditure has to be considered by the 
Ly of the lines by safe and efficient signal engineer. With light signals, for 
aes ae ; instance, the change from one indication 
= No ow the elt etrical and mechanical en- to another can be practically instantane- 
ous, thus saving some seconds. Seconds 


3 o eer, n st cae an rice will BRE: maintaining the flow of traffic. 

tol look i into the ae of trains under In the lay-out of running lines, stations 
t and yards, the experience of the signal 
engineer can often offer valuable advice: 
The operation of a yard or station has to 


not appeal to all dep: ments, but it will if it is only a yard, or a siding, he can 
his orte t eg the new epehods arrange the signals and the curvature of 
|. the cross-over giving access to the yard 


eer tn question. _ Given the amount of : 
will consider the various factors and be_ 


‘cumstances, it will be more economical - 


at busy places are very important in. 


m ee fined. the of signaling Doldly. aed pro- be done with due regard to the traffic — 
pound new methods which, at first, may on the main running lines, so that even 
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correctly for the maximum speed of 
working. 

To the younger members of the Institu- 
tion I wish to offer a word of encourage- 
ment. Do not think all the problems of 
‘railway signalling and telegraphy have 
been solved. There are many waiting 
to be solved in the light of the past expe- 
rience of the profession. ‘This Institu- 
tion, I think, will offer great advantages, 
and be more useful in the future to its 
members than in the past, owing to its 
getting on to the age of maturity. Do 
not, by any means, think that signalling 
will not offer you opportunities in the 
future. There are many openings and 
much scope for young men of good edu- 
cation, who will apply themselves to the 


study of the principles of the profes- 
sion. 

I could not conclude this address with- 
cut acknowledging the good work done 
by the firms who have specialised in 
railway signalling and railway telegra- 
phy, and who have contributed to the 
success of railway signalling and railway 
telegraphs in this country, and carried 
the work and practice to the Colonies 
and foreign ccuntries, not only English 
practice, but the more modern principles 
of signalling that have come into force 
in some other countries. We trust those 
of to-day will be as successful, even more 
so, than their predecessors in helping 
forward the science and art of railway 
signalling and telegraphy. 
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nd _motor ge to test their balance 


ei. conditions of Veto fond: cond 


whe ete but may be PEE, on 
-_ tangent track due to a nosing movement or 
lateral sway of the engine. 


of records of individual engines, the compa- 


1.— Otheographio records of chisel effects on rails. 


runs cae Geers and steam locomo- 


exerted by the wheels on the 


Besides the value ~ 


\ . 


ineering . News-Record.) -) 


i j etn a = Figs. 110 5, pp. 483 and 485. 


-rison of different ae of engines as to these 
effects may prove of great practical value. 


To provide for determining and recording 
the load and thrust of engines in motion, a 
recording device known as the otheograph has 
been developed by the engineers of the General 
Electric Co. and installed in the company’s 
4 1/2 mile testing track at Erie, Pa. (fig. 1). 
This device gives a chart showing for each 
wheel of the engine both the vertical load and 
lateral thrust. 


ay 


Fig. 4. — Otheograph installation at Erie, Pa. 


i pt Ses pega aa ell 


: feat e 


base of the rail 
against the outside o ; 
tical and horizontal 

between these bearin, ay 
apparatus by means of. springs mou 
ends of the tie. The point of cont 
vertical deflections as Coie ae 


dees 50 000 Ib. with ehetees A aidavied tes 


ing. In each case the maximum deflection is : 


3/8 inch. For the horizontal thrust, the 


springs have a deflection of 1/8 inch for each y 


20 000 lb. of pressure. ' The mov ements | of ‘the 
springs under passing wheel loads are reco’ = 
ed through a lever having arms of 8 to 1 ratio 


with a pointer at one end to trace a record 


on the paper chart on a revolving cylinder. 


In the test track there are twenty-five of = v 
these otheograph ties, spaced 24 inches centre ed 


to centre and covering about 50 feet of track, 
including two rail joints. Wood ties bedded 
in ballast in the usual way carry two light © 


wooden stringers upon which rest the ends of 
the steel ties, these stringers being used to 


maintain the alignment but having no appre- 
ciable stiffness. In this installation all the 
test ties are on tangent track, but they can be 
used equally well on curves. 

The mechanism for revolving the charts or 
recording cylinders is driven from a constant- 
speed electric motor, with suitable gear reduc- 


tion, so that the distances between the peaks 


on the curves are proportional to the wheel 
spacing on the various locomotives. Since all 
the cylinders are operated simultaneously they 


provide a series of records on successive ties — 


for each wheel on each side of the engine. 
The speed of revolution is independent of the 
speed of the passing engine, so that records 
may be taken with any desired ratio between 
the ordinates and the abscissae. Diagrams 
taken in this way on any one tie show the 
amplitude and characteristics of both the load 
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ipoomoti vat Wont ie ihe. eae distri- 
bution of the: weight and such a record would 
serve as the basis for comparison with a re- 
cord taken at high speed. The effect of side | 
thrust in changing the vertical component, as | 
well as any variations due to dynamic unba- 
lance, would be quite noticeable. The effect of — 3 
a wheel with a flat spot would also show very — 
clearly. The record i is not necessarily limited — 
to one locomotive, for by moving the paper — 
slowly the record of all the wheels: of an 
entire train might be taken’: 1 Tee eens oa 
It: is’ explained | that the deflections ‘shown ae 
in the upper curve, indicating lateral move- 
ment, cannot be considered quantitatively en. 
above the base line. These negative ind c= 
tions simply sho chat the flange on the op- © 
posite side of the as is being pressed against 
the rail. For exam n the record shown 
at the right in igure he lea ; 
the steam locomoti e"indicates: a da 


a RH a 


for lateral thrust: 
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Fig. 3. — Diagram of loads and lateral thrusts of engine wheels. 


Left : typical records from electric and steam locomotives and coach. 
Right: record from steam locomotive hauling electric locomotive and passenger coach. 


Fig. 4. 


Figs. 4-5. — Diagrams 
from electric locomotives. 


Fig. 5. 


“eed sagt sn at Left : for Mexican Railway. — Right: for Paris-Orleans Railway. 


diagonal pitch of the dotted ordinates which 


have been plotted on the diagram between the 


axles and the respective curves. Having given 
the outlines of the locomotives under test it 
is feasible to lay out a diagram showing the: 2 
several wheels with ‘reference to the impact 
indicated on the diagram. 

In the test indicated at the right in rogers 3 ye 


the steam locomotive was hauling a new ele 


cuieaph aa “This accent’ for: fe slightly 4 : ing 


ing a coach. - ive 
Eotge that, as i 


tric locomotive built for the Mexican Railway, - in thi 


this latter engine regenerating during the e0 
run at a speed of 8 3/4 miles per hour. The | 
electric locomotive had three two- -axle trucks. 
with 46-inch wheels and 50 000-Ib. axle loads. — 
It will be noticed that the spacing between — 


the trucks is less than the truck spacing; that 
is, the truck wheelbase is 110 inches while _ 


the distance between the axles of adjacent F 
trucks is only 78 inches. . The motors had 
pinions at each end, engaging gears on a driy- | 
ing shaft; this gearing was of the flexible — 


[ 62 154.4 (.45) ] 


. qateral eee is “indicated by Fee wphnas and 
_ third driving | wheels. and the two wheels of ‘ u 


the Tear truck. | 
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2. — A mnltaple purpose automatic valve for locomotive cylinders. ct sth 

— Figs. 6 to 8, p. 487. - —— va rae pee 

The valve, of which we give a description also cot with a pipe which Teads. Pe, e 5 


taken from the Rivista tecnica delle ferrovie 
italiane, serves the purpose of air valve, cyl- 
inder relief valve and bye-pass valve for equa- 
lising the pressure on the two sides of the 
piston when the engine is running with the 
regulator closed. : 

Figure 6 gives a sectional view Sot the ap- 
paratus now in use on about 800 locomotives 
on the Italian railways, and figure 8 shows 
the arrangement. 

Each cylinder is Siiriae with two similar 
valves fixed at each extremity and connected 
by means of a pipe H, These two valyes are 


sphere. 


the steam chest and connects to the lower 
portion. The valve itself. is double seated, -—% 
the upper seat serving to make or cut off com- 
munication between the cylinder and the 

pipe H, while the lower seat, which is of larger =: 
diameter, separates the space in which stea: 
chest pressure exists from the annular space 
which is in communication with the pipe H. 
The socket into which the lat ; 
also” provided with. poria deniine, to the atmo- cam 


It will be seen that when the ‘regulator en 
opened, the. valve is lifted and cuts: off | com-— °. 
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Fig. 8 
4 : ‘ 
a ' Fig. +7, d 
ay ee _ Figs. 6 to 8. 
re : aie ‘ 7 oe *. 3 
7 Explanation of Italian terms : Al cilindro motore = To cylinder, — Alla yalvola multipla dell’altro estremo del 
2 eilindro = To valve at other end of cylinder. — Fori di comunicazione coll’atmosfera = Ports communicating 
; with atmosphere. — Aperta = Open. — Chiusa = Shut. — Presa di vapore = From steam chest. — Filtro 
= = Gauze strainer. — Al recciver = From receiver. 
a * a * 
? 


When the regulator is shut, the two ends of 
the cylinder are connected with the atmosphere 


and also are put into communication with 
each other by means of the pipe H. The valve 
thus performs a function of an air valve, but 
_ the suction produced by the piston not only 
_ draws in air from the atmosphere, but also 

air from the other end of the cylinder. For 
this reason the cylinders are not cooled down 
to the same extent, and less dust is drawn in- 
_ from the atmosphere. = 
_ The size of the pipe leading from the steam 


through the ports in the body of the fitting, 


chest to the underside of the valve should be 
sufficiently large to ensure the valve closing 
rapidly when the regulator is open. | 
On compound locomotives originally the 
underside of the valve, in the case of low 
pressure cylinders, was connected to the re- 
ceiver, which in this case is analogous to the 
boiler in the case of high pressure cylinders, 
but it was found that at high speeds, prob-- 
ably on account of high compression or con- 
siderable variations of pressure in the re- 
ceiver the valve lifted and fell at each stroke 
of the piston. In order to obtain satisfactory 


— 488 — 


results, another arrangement was adopted with 
the object of maintaining on. the underside of 
the valve a pressure intermediate’ between that 
in the high pressure steam chest and in the re- 
ceiver, sufficient to keep the valve closed on 
its seat, but also sufficiently low to allow the 
valve to operate as a relief valve. This ar- 
rangement is shown in figure 7. 

The space between the valve and the lower 
cover communicates by means of pipes a and b 
with the steam chest and with the receiver. 
There is therefore a current of steam passing 
through this space from the steam chest to 
the receiver, the amount being dependent on 
the area of the cross section of the orifices 
e and g. 


Lhe pressure existing: on the underside of 
the valve depends on the relative size of these 
orifices. It is, however, necessary that the 
flow of steam shall not be so great as to cause 
appreciable loss. The dimensions of the ori- 
fices e and g have been fixed experimentally. 
It has been found that for a four cylinder 
compound locomotive good results are obtain- 
ed if e is 2.56 mm. (3/32 inch) in diameter 
and g 3.5 mm. (9/64 inch) in diameter. ; 

A very slight alteration in these orifices 
has a considerable effect. In order to avoid 
these becoming choked up by means of foreign 
matter carried over by the steam, a gauze 
strainer is placed in the connection with the 
pipe a which leads from the steam chest. 
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ocak Re ie of the: ce at 
é ton in 1905, in the organisation 


Hi _ that time he never ceased to take the 


: Ni ueiation. tite - 174: 
| The office of the iS ceictaxt of the ee 
ican Railway Association has always 
been the chief point of contact, for 
American Railroad officers, with the In- 
ternational Railway Congress Associa- 
_ tion, and Mr, Fairbanks served as a de- 
legate of the American Railway Associa- 
tion at the International tongs in 

| oom apt Eakye in 1922. 


Dpiage 


ed Mr. Waishons was born in Jersey City on 
5 December 1870, and was educated in that 
| city. He entered the service of the American 
_ Railway Association on 21 April 1892, and on 
1 June 1909, was appointed assistant general 
secretary and assistant treasurer ; and was 
appointed general secretary and treasurer on 
‘17 November 1915. While holding both of 
these offices, he held similar positions in the 
Bureau of Explosives, and was secretary of 
the General Managers’ Association of New 


ee 


* 


apsrrenliatia 


> . 


| L profound regret we have received 
| news of the death of Mr. John E. er 


of which he took an active vate Since 


keenest interest in the work of our Asso- . 


ie. Delegate at the Session of Ro r 022 of the International Railway Congress. 


York, ras also held fientiay titles in the Com- 
mittee on Railway Mail Pay, and he had been 
the clerk of the American Railway Guild for 
the past twenty-five years. On taking the 
secretaryship, in 1915, Mr. Fairbanks succeed- 
ed William F, Allen, the well-known first se- 


cretary of the American Railway Association, 


to whom Fairbanks had been an able assistant 
for over 20 years. In 1915, the association 
did its work through 16 committees, the se- 
eretary being the guiding spirit in most of 
the work of the committees; but four years 
later, and following changes incident to govern- 
ment operation of the railroads, the scope of 
the American Railway Association was greatly 
enlarged, and the general secretary’s activities 
now require offices in three cities, New York, 
Chicago. and Washington. The expansion of 
the association beginning in 1919 has amalga- 
mated with it no less than twelve very im- 
portant associations of railroad officers for- 


‘merly independent. The parent association at 


the: present time consists of eight divisions, 
each with its own secretary, and nine sections; 


with approximately two hundred standing 


committees. 


We offer to the family of our lamented 


colleague our sincere condolence and 


our deep sympathy with them in their 
loss. 
| The eerie Committee. 


com 


P H. ‘DUDLEY, 


"Consulting engineer to the New York Central Railroad; 


Repor ter to the International Railway Congress at the Paris (1900) and Washington (1905) Seaford 
- tee delegate to the London (1895) and Berne nO 8 Sessions. 


We have heard with deep ape of 
the death of Dr. P. H. Dudley, which 
took place at New York on the 25 Fe- 
bruary last. 

Dr. Dudley was one of our eclleapare 
known by sight to most. His very spe- 
cial knowledge of rail material led to 
him being chosen to deal with this sub- 
ject at the Paris session (1900). He 
dealt with the question « Nature of the 


metal for rails » in a remarkably able 


manner, as he did at Washington in 1905 
with the subject of « Rails for lines with 
fast trains >. 

Dr. Plimon Henry Dudley was born at 
Freedom, Ohio, 21 May 1843. He was 
therefore almost 81 years of age at the 
time of his death, which occurred at the 
Commodore hotel, New York city, Mon- 
day evening, 25 February 1924. His 
father was a well-educated and prosper- 
ous farmer who had emigrated from Mas- 
sachusetts to Ohio. Young Dudley spent 


the early years of his life on the farm, 


and at the age of 20 entered Hiram col- 
lege. He attended college during the 
winter months but returned home to help 
on the farm during the spring and sum- 
mer. While at college one of the pro- 
fessors, a great admirer of Bessemer the 
English metallurgist, who in 1856 had 
invented the process for making steel 
which bears his name and which revolu- 
tionized the steel industry, had consi- 
derable to say on this subject. Mr. Dud- 
ley’s interest was so aroused that he de- 
termined to take up the study of metals 
and metallurgy as his life work. He was 
so keen and industrious a student in 
science and engineeering that upon gra- 


duation he was able to secure the posi-— 


tion of city engineer at Akron, Ohio, and 
held this office from 1868 to 1872. 


‘He then. neeanie chief engineer of the 
Valley Railroad, running from Cleveland 


to the coal fields of Ohio. He held this 


position for two years, and during that § 


period invented the dynamometer for 


measuring the drawbar pull of a loco-— . 


motive. He gave up his position in order 


to devote his entire time to the perfec- 
tion of this instrument. In 1876 he had 
added a recording device, and the results 
he obtained together with his ability to 


analyze the data he secured, attracted the 


attention of the Eastern ‘Railway AssO- — | 


ciation, and they engaged his services in 


1878. The dynamometer gave a scientific — 


and convincing demonstration of the 
inefficiency of the locomotive as it then 
existed. 

In 1880 he heoarie aenceiatedl with the 


‘New York Central & Hudson River Rail- 


road and was in continuous service with 
the New York Central Lines until the date 
of his death. He first advanced the 
theory that the rail acts as a girder. This 
theory met with much opposition and 
ridicule and as a result of this contro- 
versy, he designed a track indicator 


which recorded irregularities of surface, — 


level and gauge, and which is in com- 
mon use throughout the country in in- 
spection cars. He also invented the 
stremmatograph to determine the man- 
ner in which the load of a moving train 
is transmitted to the track support. The 
railroad constructed for him a special 
car in which were housed the dynamo- 
meter and inspection equipment. There 


was also a laboratory and workroom as _ 


well as living quarters. In this car 
Dr. Dudley. and his wife lived for 33 
years and this was their only home until 
her death about two years ago. He af- 
terwards continued to live in the car for 
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ch gave the results 
ca he designed was 


ey very. Pecatiousies ee eea 
e miles of rail for test purposes. 
was placed between the Grand — 
station and Mott Haven. It was 
to believe that a rail five inches 


: in hi ight would remain stable and not 


overturn under a locomotive or loaded 
train. When it was found that the rail 
- not tip over as expected, a consi- 


derable tonnage was ordered, as the rid- 
ing qualities of the track were greatly 
improved and the cost of maintenance 


decreased. Later he was permitted to 
add one-eighth inch to the height, and . 
gaining confidence in his judgment, 


—90-pound rails 5 1/2 inches high were 


eventually permitted. These events mark 
the adoption of heavier and better de- 
signed rail sections by wie railroads of 
the country. ; 

Although his inventions and disco- 
veries covered a wide field, the major 
portion of his life was spent in an effort 
to improve the quality and manufactur- 
ing methods of the steel which goes. into 
rail, He worked from the standpoint of 


_a true scientist, with no thought of per- 
sonal gain. 
his inventions or discoveries, but gave 

- them out for the benefit of all Pap choose 
to use them. 


He did not patent any of 


In a message | padeing ene Mice ay 
employees of the New York Central Lines 
of Dr. Dudley’s death, the late president 
A, H. Smith said : 


_« By his extorditiary ability; broad 
scientific knowledge and enthusiastic de- 
votion to railroad service for an unbro- 


ken period of forty-eight years, Dr. Dud- 


Perhaps it would not be 


an overstatement to say that he did more. 
than any other one man to confer upon 


humanity the boon of rapid, safe and 
- economical transportation. His life work 
added lustre to the fame of the New York 
Central. His career was characterized 


by arduous toil in the search after scien- 


tific truth, tireless energy and unim- 


peachable loyalty and integrity. It was 
Dr. Dudley’s scientific development of 
the track which made possible the first 


100-ton locomotive, an epoch-making 


event. Dr. Dudley was a metallurgist as 
well as an engineer. His studies resulted 
in the manufacture of steel rails which 
greatly reduced the number of accidents 
due to broken rails and led to great eco- 
nomies. > 


Dr, Dudley was an honored member of 
many engineering and scientific socie- 
ties, among them the American Railway 
Engineering Association. At the time of 
his death and for many years he was a 


member of the rail committee of the as- 


sociation. 

His funeral, which took place at the 
Church of Heavenly Rest, New York city, 
Thursday, 28 February, was attended by 
many prominent railway officers, and re- 
presentatives of engineering and scien- 
tific societies, of which he was a mem- 
ber. The honorary pallbearers were : 
A. H. Smith, president, New York Central 
lines; H. P. Whitlock, New York Academy 
of Sciences; J. B. W. Reynders, Amer- 
ican Institute of Mining & Metallurgical 
Engineers; George J. Ray, vice-president 
American Railway Engineering Associa- 
tion, and George Pegram, American So- 
ciety of Civil Engineers. 

We offer to the family of our lamented 
colleague our sincere condolence, and 
wish to express the sincere sympathy we 
feel with them at their loss. 
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that it should contain 782 pages, | 


second edition, on account of the imp 


ee cea 
), inspector ‘of traction an 


_ — Manuel du mécanicien des cher ; 
i railways and local lines), on edition. 
aes 141 ae _— - 1923, ,Poblir 


J dapat from the title Mr. Hallet 
given this book, it seems quite 


author informs us in his preface that t 


tant additions it contains, practically 
makes it anew work, intended to be use- 
ful, not only to drivers and firemen, but 
to workmen, inspectors and others con- 
nected with the working of light 
ways and local lines. _ 

After going thoroughly into the afte r, 
as far as the enginemen are concerned, 
he has reserved a large portion of the 
book for dealing with the subject of up- 
keep and repairs which are effected in 
the shops or sheds. The reader who 


is? 


studies this work with sufficient interest 


will acquire a very comprehensive 
knowledge of the locomotive, become 
familiar with the various circumstances 
in which it is used, and then learn ail 
that is necessary to keep it in proper 
working order. 

The book is divided into thirteen chap- 
ters which may be grouped under the 
three following headings : Description 
of the locomotive; the ee seen 
running (working and. driving) ; 
and repairs, _ 

. The first of the two introductory chap- 
ters deals with the historical aspect, and 
the second with preliminary ideas relat- 
ing to the subject. At the beginning of 
such a book it is proper that we should 
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their use, Each bee A 


tank engines ities run in ‘either attend 
tion, and describes pois 


_ could in itself be- iclasted as ‘a: manual y 


pairs, as they will find in it methodical 
methods of dealing with all cases that 
have to. be attended to in the running | 
sheds. These include first of all general 
upkeep, then repairs properly so called | 
relating to failures or to wear of the 
-boiler,, mechanism, frames ‘and: wheels. 
-. There are also to be found methods of 
‘an. essentially practical character : “con- 
cerning special work, such as that ap- 
‘pertaining to the smithy, ‘tempering, 
case-hardening, modern methods of weld- 
ing (oxy-hydrogen, oxy- acetylene, elec- 
tric, alumino-thermic, etc.). ‘ a 
We have not been able in ‘ieee fox 
lines to give more than a rapid outline 
- of. the extensive. subject » dealt with. by 
_ Mr. Halleux. For each point mentioned, 
and he has left few in the back. _ground, 
he has succeeded in condensing all the 
‘ necessary theoretical knowledge, and 
present in an appropriate form all the — 
information necessary to enable the. staff 


; ne planation of 


“examinations and eee 


for the use of those who deal with re- soe noe 


sweeping aha tubes, washing out, firing 


that should be followed in working lo- 
ected io Senne 
review the principal incidents which 


He then passes in 


may happen on the road and the means 


up, and points out and explains the rules ~ 


connected with the locomotive service 
to do their work intelligently. . His com- 
prehensive work will render it unneces- 
sary for them to resort to other sources 
for the greater part of the information 
they may require, and will always be 
worth referring to, not only by the staff 


4“ 
. to obviate any trouble that may arise of the light railways, but also by that 
__ from them. of railways in general. 
2° ” 
! CHTERGAL (A. . engineer, technical school professor. — Notes sur le calcul des moments 
dinertie des fers profilés (Notes on the calculation of moments of inertia for iron sections). — One 


hk “volume (91) 1/2 X 6 1/4 inches), of 18 pages, with 22 figures in the text. — 1923, Published by 
Alb. De Boec ky 265, rue Royals, Brassels. — Price : 3 francs. 


The object of these notes is to show, 


by means of numerical examples, that 


VI-7 


one is able, in calculating the moment 
of inertia of ‘iron sections, to neglect 
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round sections and ‘consider them as 
being of rectangular shape. 

The numerical examples used by the 
author show that the difference between 


[ 621. (02 & 388. (04 | 


the. two methods of calculation is prac- 
tically negligible. : 4 


Na 


NACHTERGAL (A.), engineer, technical school professor. — Notes et formules du contre maitre 
mécanitien (Notes and formule for the foreman mechanic). — One volume in 8¥° (7 x 4 1/2 inches) 
of 350 pages, with 289 figures in the text. — 1920, Published by A. De Boeck, 265, rue Royale, 
Brussels, and Ch. Béranger, Publisher, 15, rue des Saints-Péres, Paris. — Price : 20 francs. 


In this work, everything that should 
be known by a good mechanic is to be 
found. 

Theoretical knowledge is fairly well 
distributed, too much so perhaps, but 
numerous practical examples make the 
work highly interesting. 

Each subject dealt with is followed by 
practical illustrations, and this to the 
fullest extent. 

The work, however, appears to us ‘to 
be somewhat too advanced and compre- 


hensive to appeal to the general run of 


mechanics. 


Nevertheless, let us hope that a book 
of this scope will prove successful, for 
as the author says in his preface : « As 
in course of time tools of various kinds 
are improved and new methods of work 
are instituted, it is requisite that the 
theoretical knowledge of workmen 
should be increased more and more. It 
would be valueless for engineers to 
create new types of machines if a staff 
could not be found to work them econo- 
mically. » 
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